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ERRATA 

Page 41, paragrapli 2, line 3, read AYakker for AA^alker. 

Page; 84, paragrapli 1, line 1, lefore nnsliacled imert in. 

Page 110, line 2, change rye, barleys to those inentioiiecl above and. 

Page 219, table title and footnote 2, read Juglans for Jiigulans. 

Page 231, paragraph 3, line 3, and paragraph 4, line 7, read diethyl- 
dithiocarbaniate for diethyldithioearbonate. 

Page 342, paragraph 2, line 7, after as insert by. 

Page 472, series 37, and page 496, line 6 of text, change Kolotex to Ivolo- 
diist. 

Page 559, line 22, change eanavaUne to canavaliae. 

Page 600, paragraph 3, line 2, change acropetal necrosis to stipplestreak. 

Page 708, cuadro 2, insoi heading, Trigos a 14 pares de cromosomas, 
for four last-named varieties, coordinate with heading, Trigos a 21 pares 
de cromosomas. 

Page 714, line 7 from bottom, read ‘ 'poblacion'^ for ‘‘popblacioii. ' ’ 

Page 716, paragraph 5, line 1, read variabilidad for variabilidod. 

Page 718, paragraph 2, line 2, read extremadamente for extremanda- 
inente. 

Page 721, line 17 from bottom, read notar for iiotas; )‘ead trabajo for 
trabojo ; line 3 from bottom, suhstihite Lineas snsceptibles a la par que 
otras miiy resistentes. se encontraroii for en trigos ^‘poblacioiies ” tales conio 
el Fuleaster, Gipsy, Harvest. 

Page 722, j)aragrapli 1, line 10, read erijthrosi^ermum for esijthro- 
spe rm/n m . ' 

Page 964, paragraph 1, line 2, read Champini for Charitini, 

Page 980, figure legend, line 5, read beat- for heat-. 

Page 1133, table 1, column heading 4, read Number infected for Niim- 
ber inoculated. 

Outside cover page, December, Contents, line 14,* page 1181, title, para- 
grapli 1, line 3, and paragraph 2, line 1; page 1183, paragraph 2,, line 1, 
and paragTaph 4, line 2 ; change nialvaceara to malvacearniii. 
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WILLIAM ALLEN OET ON 
1877^1930 

Lewis Ralph Jones 

No loss from the ranks of American plant pathology has ever been per- 
sonally mourned more widely and sincerely than that of Dr. W. A. Orton. 
Few had more varied friendships than his in Washington's scientific and 
administrative circles or more wide-reaching in those of the United States. 
Beyond our national confines his personal relations and professional corre- 
spondence encircled the globe. He was at once an internationalist of world- 
wide vision and interest and a friendly adviser to everyone who sought his 
aid. His breadth of interest and charm of personal qualities made him the 
helpful counselor for a host of foreign scientific visitors who made Wash- 
ington the point of entry to American agricultural institutions. He was 
himself an experienced traveler and by skillful planning of itineraries and 
courteous letters of introduction he contributed much to the happiness and 
success of many such foreign guests. 

Dr. Orton exemplified in a peculiar way the heroic in science. To those 
who knew his ancestry and early development this was not surprising. He 
came from the best Vermont stocks. As his name suggests, the blood of the 
Allens flowed in his veins. Since the days of ^‘Tlie Green Mountain Boys,’’ 
this has stood for dauntless leadership, forgetful of personal dangers. The 
name of Orton also has long been known in New England science and ad- 
ininistration as well as in pulpit and school. Born in a Vermont village, 
North F’airfax, he entered the Agricultural course in the University of Ver- 
mont when he was only sixteen and received his baccalaureate degree with 
honors (Phi Beta Kappa) at twenty. This was the better evidence of his 
native genius because from his childhood he was handicapped by joartial 
deafness. As his botany teacher I well recall my impressions of this imma- 
ture freshman always in the front seat as I lectured, eyes open, lips parted, 
eagerly drinking in” every idea, although many of the words must have 
escaped him. I do not recall that he took a note but he always understood 
and retained. To the last weeks of life he showed remarkable powers of 
concentration upon any question under discussion, with unfailing ability to 
analyze and hold the essentials. In his student days, as in his later life 
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witli its greater physical trials, instead of yielding to handicaps lie forced 
them to contribute to Ms successes. If he recognized any limitations it was 
only that he might turn from lesser tasks to concentrate the more effectively 
upon the greater ones. Upon these he never admitted the possibility of 
failure. 

For two years after graduation he remained at the University as an 
advanced student and research assistant. His chief interests concerned the 
parasitic fungi of Vermont, reviewing the literature, reworking all avail- 
able material, collecting eagerly, and listing for publication. One of his 
University classmates of this period recalls a day when ^‘Mr. Orton, an 
eager youth of somewhat indifferent college preparation, came into the lab- 
oratory saying that he had to use Latin books on mycology (Saecardo) 
although he had never studied Latin. To the admiration and chagrin of 
his fellmv students wdio had spent several years upon Latin, young Orton 
acquired in a surprisingly short time a practical use of the language.’^ He 
assisted also in our experimental work with potato diseases, inaugurating 
interests wdiich guided him into important developments a decade later. 

In 1899, when I was a guest in the laboratory of Dr. Erwin F. Smith, 
in "Washington, he told of his need of a promising research man for work 
on the control of cotton wilt. Immediately I urged consideration of young 
Orton, and he accepted my judgment. It certainly was soinething of a 
venture to accept for such a task a half -trained boy of twenty-two who had 
never even seen a cotton plant. "With such brief suggestions as eonld be 
given in Wasliington, Orton went alone to spend the summer with the Caro- 
lina planters. He afterwards confessed his initial lonesome homesickness. 
But here, as always, his quick vision of the bigness of the job made liini 
oblivious to all petty hindrances. His kindly personality, keen perception, 
sterling integrity, and tireless devotion to Ms tasks won the eoi.i.fidence and 
enduring friendship of the Carolina planters. From them he soon learned 
whatever their experience had taught them about cotton. Doctor Smitli, 
following Atkinson’s early work, had already diagnosed the cotton wilt as 
a soil-home, vascular Fusariimi disease. Seed disinfection and spiaiying 
were thus useless. Experiments -with soil fungicides and fertilizi^rs gave, 
negative results. Hygienic measures, sanitation, and rotation, siiggest(Ml 
hj Smith, wure only palliatives, pronounced impractical by the planters. 
"What was to be done ? Fortunately Orton had entered the old Division of 
Vegetable Physiology and Pathology, later merged into the Bureau of Plant 
Industry, at a time when the work was dominated by a small group of men 
with whom associations were most stimulating to thoughts along new lines. 
These included, in addition to Doctors Galloway, "Woods, and Smith, sncli 
men as Carletoii, Fairchild, Swingle, Waite, and Webber. Under such in- 
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Alienees increasing attention was being given to the physiological aspects of ’ 
pliytopatliological problems along with genetics and disease resistance in 
relation to control measures. Carleton had just brought from northern and 
eastern Europe his first large collection of foreign cereals as a basis for 
breeding for resistance to rust. Webber and Swingle were diffusing 
through the departmental ranks the glowing enthusiasm for plant improve- 
ments recently kindled by their epochal work in Florida on frost-resistant 
citrus. Orton was an eager young listener at such discussions. Almost 
immediately, as he surveyed the cotton fields of Carolina, he saw the possi- 
bilities of wilt control through disease resistance. Within two years he had 
the most remarkable evidence produced to that date as to the practical sig- 
nificance of disease resistance in plant-disease control. His first depart- 
mental publication, in 1900, ^'Wilt Disease of Cotton and Its Control,^’ will 
remain a historic classic. This recorded the result of selections for disease 
resistance made the first summer and brought to completion after but two 
summers’ work in the southern cotton fields by this inexperienced Vermont 
youth in his early twenties. Yet his conclusions are valid to-day. Along 
with these studies he had succeeded, where both Atkinson and Smith had 
earlier failed, in establishing, by pur e-culture inoculation, the pathogenicity 
of this Fusarium on cotton. Nor was this all. His inspiration carried him 
on to the discovery of the wilt-resistant cowpea, which he, in association with 
Webber, showed to be the more remarkable in that it w'as also immune from 
the root-knot nematode. Prom this he turned to water-melon wilt, to over- 
come which he hybridized the resistant citron with the edible melon. These, 
with Holley’s work on flax, laid the secure foundation for all subseo[uent 
work with selection and breeding for resistance to the group of vascular 
Fusarium diseases. Thus in two years’ time he mapped the Avay to the solu- 
tion of problems which Smith had in 1898 defined as among the most seri' 
ously threatening in the field of phytopathology.^ 

The happy culmination of these earlier observations and researches 
upon disease resistance came with the formulation of Ms concepts as to the 
explanation and classification of disease-resistant types. These were out- 
lined in the Yearbook of the Department of Agriculture for 1908 and in 
his address before the Confm^ence Internationale cle Gcneticiiie, Paris, 1911. 

His early work on these wilt diseases in the sonfhern cotton and truck 
fields represents his outstanding personal researches. In these, except for 
brief association with Doctor Webber on cowpea breeding, he worked alone. 
Orton’s genius was, however, always stimulated by contacts, and his natural 
instincts sought companionship. 

1 Snutli, Erwin F. The fungus infestation of agricultural soils in the United 
States. Sci. Am. Supplenient dS: 19981. 1899, 
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Plis -aiiHSual originality in ideas, eonpled with his ability in organiza- 
tion for their advaneenient, was soon recognized in the Department of 
Agrienltnre. In 1907 he was made head of the newly created Office of Cot- 
ton, Truck, and Forage Crop Disease Investigations. Here his iiifeetioiis 
enthusiasm found ampler field. He built up a scientific staff of some forty 
members, characterized at once by scientific ability, integrity in service, and 
devoted personal loyalty to their leader. He "was a member of the committee 
of three which guided the organization of The American Phytopathological 
Society in 1908-09.^ Of this Society he was a charter member and one 
of the drafters and signers of the articles of incorporation and held numer- 
ous offices, including the presidency and the editorship of Phytopathology. 
At the first meeting of the Society it appointed a committee of five, of which 
he was a member, ‘^to draft resolutions concerning wart disease of potato 
and white pine blister rust and to take steps to secure such action as would 
prevent their further introduction and spread.’^ These two serious Euro- 
pean diseases had recently appeared on the American Continent in quick 
succession in 1908 and 1909. Prom this, with correlated action by the 
American Association of Economic Entomologists, came the initiation of the 
Federal plant-quarantine service. The administration of this was placed 
ill the hands of the Federal Horticultural Board, of which he was vice- 
chairman and pathologist for twelve years. These responsibilities stimu- 
lated his breadth of interest and information, especially concerning inter- 
national problems. He was always a believer in the importance of 
international cooperation in quarantine matters. Whereas 'quarantines 
may naturally tend to create international frictions and material misun- 
derstandings, he saw in them the opportunity for the very opposite. 
Might they not rather offer foci for international conferences and coordi- 
nated researches! To accomplish these he led in the movement, nnfortu- 
nately interrupted by the World War, to encourage the visits to America 
of European pathologists and to favor like foreign journeyings of Ameri- 
cans for surveys and studies. The continuing benefits to international fel- 
lowship in scientific endeavor are to-day as clearly recognized in European 
countries as in America and Orton’s early services in this field as fully 
appreciated. 

2 In addition to Ms official relations with The American Phytopathological Society 
lie was also a charter member of the American Horticnltural Society and held member- 
ship in other scientific organizations as follows: The American Association for the 
Advaiicenieiit of Science, the Botanical Society of America, the Botanical Society of 
Washington, the Washington Acadeniy of Sciences, the Society for Horticultural Science, 
the American Society of Agronomy, the American Forestry Association, the American 
Oenetics Association, the American Society of Naturalists, the International Society of 
Soil Science, the SDciete de Pathologie Vegetal, the Society of American Foresters, the 
Cuban Association of Sugar Cane Technologists, the International fSoeiety of Sugar Cane 
Technologists, the World Agricultural Society, the Cosmos Club, and PM Beta Kappa. 
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y' His interest in potato wart and in the yirns diseases of potato, together 
with the Conference International de Genetique, took Orton to Europe in 
1911. His earlier interest in potato pathology was thereby enhanced. His 
contacts with the work of Doctors Appel and Wollenweber in Germany were 
especially stimulating. Several important developments resulted. The 
system of potato-seed inspection and certification already in early operation 
in Germany under Appel’s leadership was launched in America, where it 
continues as one of the great constructive preventive measures. Orton 
came back convinced of the importance of the virus problems in potato 
pathology. Through his publications and personal leadership he started 
the investigations concerning these problems which have ever since con- 
tinued to increase in recognized scientific complexity and economic im- 
portance. 

He brought back with him from Germany, as an addition to his staff, 
Dr. H. W. Wollenweber as Fusarium expert. This was done in order to 
put American studies of pathogenic Fusarium species into line with those 
of Europe, a type of contribution of continuing need with like complex 
problems. Later, he brought also Dr. Otto Appel from Germany that Amer- 
ica might benefit from his experience with potato diseases in Germany. He 
contributed his influence in an important degree to the later visits of other 
leading European mycologists and pathologists, especially Butler, Cotton, 
Pethybridge, and Brierley, from Great Britain, Quanjer from Holland, 
Pole-Bvans from South Africa, Poex from Prance, and Vavilov and 
Jaczewski from Eussia. 

Dr. Orton organized and for several years carried on the plant-disease 
survey of the Bureau of Plant Industry, which has become of great impor- 
tance in connection with work on the control of crop diseases. During the 
AVorld War he was active in organizing research on diseases causing losses 
of vegetables in transit, market, and storage, which was developed in close 
cooperation with the food-produets inspection service of the Bureau of 
Agricultural Economics and very materially increased knowledge of the 
causes of losses in shipment and marketing. As a result of this work meth- 
ods for the reduction of disease losses in the process of marketing have been 
developed. 

Following the war’s interruptions of European international relations, 
Dr. Orton’s vision sensed the increasing need for leadership in agricultural 
and especially phytopathological problems in the Latin Americas. The 
organization of our National Eesearch Council gave him occasion for crys- 
tallization of these ideas. For nearly a decade, until his death, he w^as 
chairman of the Eesearch Council’s Committee on Phytopathology in the 
Tropics. Much thought was given to the correlation of tropical education 
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and research. Constructive reports were made on graduate education in 
tropical agriculture. The outstanding specific accomplishment was the 
organization under the National Research Council of the Tropical Plant 
Research Foundation. In 1924 he resigned from the Department of Agri- 
culture to become the Scientific Director of this Foundation. This was 
designed as an agency to provide for tropical countries, particularly in the 
Western Hemisphere, a scientific service in support of crop production. As 
Director he gave concrete form to his ideals of such service through science 
in the interests of progress in two continents already closely interdepen- 
dent. He always considered these undertakings a logical part of an inclu- 
sive national development. It is of interest to record that his most intimate 
early associates in inaugurating and advancing this project were Dr. George 
R. Lyman, then Secretary of The American Phytopathological Society, and 
Fred C. Meier, the present Secretary. 

His first thoughts in specific researches dealt with the needs of large 
tropical-plant corporations such as the United Fruit Company. Such cor- 
porations engaged in any phase of plant culture in the Latin Americas are 
continually in need of reliable expert scientific advice upon pathological or 
other cultural problems. Their efforts at securing this by the temporary 
employment of individual expert advisers were, in general, expensive and 
relatively ineft’ective. He conceived the possibility of a non-profit-sharing 
organization under the patronage of the National Research Council, with 
expert scientific guidance, so functioning as to serve as an intermediary or 
activating agency in bringing the best scientific service to bear upon the 
peculiar problems involved. 

His leadership of the Tropical Plant Research Foundation as Scientific 
Director continued until his death. This Foundation rendered expert ser- 
vices to such great corporate interests as the Cuba Sugar Club, represent- 
ing the united sugar-cane growers of the Island, for which it organized and 
directed an experiment station. It served in an advisory capacity to vari- 
ous governments of Central and South America upon agricultural problems, 
including the organization and manning of both experiment stations and 
agricultural institutions. During the later years Doctor Orton was official 
agricultural adviser to the Pan-American Union. 

In the field of tropical forestry Dr. Orton was a pioneer, giving it an 
impetus and a standing that it had never before enjoyed in the New World. 
His early grasp of the fact that in the American tropics the prodncts of the 
forest aie crops whose wise care and harvesting are as necessary as in agri- 
eiiltiiral crops led him to take a leading part in the little-known field of 
tiopieal forestry. An acceptance of silviculture and of conservative log- 
ging b} the Latiii-American Republics he conceived to be a part of hikS con- 
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tributioii to their agricultural and economic stability. In this field he 
directed forest work in a number of Latin-Ameriean countries, and under 
his supervision the first survey of tropical American forest resources was 
made. 

It must suffice to comment on only one other specific example, as out- 
lined by Colonel George P. Ahern; formerly Director of the Philippine For- 
est Service, a Trustee of the Foundation representing forestry: ^‘Dr. Orton 
at the invitation of the Brazilian Government in 1928 went to that country 
and discussed their forest problems with the officials. Before he left Brazil 
he submitted to them a draft of a forest policy so sound and comprehensive 
that it is marveled at by leading foresters, wiio are amazed that a man not 
a technically trained forester could prepare such a splendid document. 
This will, I believe, serve as a guide to the administration of the new forest 
service in Brazil for many years to come.” 

Much of this service w^as rendered gratuitously, and Doctor Orton in 
the best sense functioned as a missionary of Agricultural Science. Many 
expressions of appreciation of this followed Doctor Orton’s death. One of 
these may be quoted from the Bevisia, de Agriculiiiro; de Piierio Rico pub- 
lished in Februar}^, 1930, under the caption Memoriam :” “Porto Rico 
counted him among her practical benefactors. The cyclone of September, 
1928, found him in our Island. After estimating the extent of the damage 
to our agriculture occasioned by this great disaster. Doctor Orton organ- 
ized the work of rehabilitation, prepared reports for the Red Cross, and 
interested the Federal authorities in the defense of our agriculture, giving 
Porto Rico the benefit of the dynamic ability wdiich always distinguished 
him. ’ ’ 

All of this w^as done under increasing personal physical disabilities be- 
cause of diabetes, ■which, added to his deafness, •would have early inhibited 
a less courageous soul. Fortunately, these things never dimmed his intel- 
lectual vigor. It was chiefly a fight against malnutrition. PI ere again he 
forced his very disabilities to serve his scientific ends. Before the discovery 
of insulin he brought together for experimental culture in his own garden 
wdiat was undoubtedly the most complete collection ever assembled of folia- 
ceous food iDlants suited to a diabetic dietary. He mastered the physio- 
logical pathology of diabetes as well as the chemistry, culture, and cooking 
of these plants to a point wdiere he w^as recognized as the national authority 
on the culture and use of diabetic foods of this class. ^ With the later use 
of insulin supplementing these dietary precautions and the -wonderful eo- 

3 Poll owing Dr. Orton’s death the eminent specialist on diabetes, Dr. Elliot P. 
Joslin, of Boston, wrote as follows: '‘'When in niy practice the ontlook for diabetes was 
darkest, Doctor Orton brought the first rays of light. . . . Eroin the very start his interest 
in diabetes was not confined to himself. He always tried to help some one else, and yon 
know what a stiniiilns his garden, with its ninety-nine different diabetic vegetables, gave 
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operation of Ms wife and family^ he fought his way hack from the brink of 
bodily starvation to the amazing efficiency of the later years of his life. 

For years his American friends, staff associates, and visiting agricul- 
tural scientists from all parts of the world found his home a welcome, grate- 
ful place of gathering. The memories will long remain with many of even- 
ing walks among his beloved dahlias and the inspiration that followed the 
free informal fellowship with men from many lands. Of these associations 
so pleasantly formed, not a few were later destined to continue as signifi- 
cant and productive friendships among students in kindred fields. One 
must number this great, unfailing gift of friendship in the long list of his 
contributions to mankind. 

Any evaluation of his scientific accomplishments fails except as one rec- 
ognizes the dominance of a great courageous spirit and a clear intellect over 
physical handicaps. It was this that made him so influential with and so 
beloved by all his immediate associates. As one of them writes: '‘He stood 
on an eminence apparently without realizing his own greatness. He was 
so friendly, so tolerant, so just, so modest with all, that it seems to me now 
we worked with a great man without then understanding his true greatness 
or the rare privilege of serving wdth him.” 

These words may well serve as a closing tribute to William Allen Orton, 
one of our heroes in science. 
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PHYTOMONAS BETICOLA^ 


Harry A. Elcock 

INTRODUCTION 

This paper presents the results of experiments carried on at the Mich- 
igan State College and at Rocky Ford, ColoradOj from 1926 to 1928, in- 
clusive, upon the root disease which has been called sugar-beet tuberculosis 
and which recently Brown (1) has called the bacterial-pocket disease. The 
investigations here presented deal with the nature and etiology of the dis- 
ease and the effect of the infection upon the metabolism of the sugar beet. 
They include also studies on the reaction and affinites of the causal organ- 
ism as well as observations and experiments to throw light upon the sapro- 
phytic existence of the organism in the soil. 

The bacterial-pocket disease [Phyiomonas 'beticolcb (Smith, Brown and 
Townsend) S. A. B.) is known only from the United States, and the reports 
of its occurrences are limited. The first material was received by the 
Pathological Laboratory, Bureau of Plant Industry, from Holly and Rocky 
Ford, Colorado, and Garden City, Kansas. Material used by Dr. Townsend 
came from Girard, Kansas. In 1923 it was founa ^ L Arlington Farm, 
Rosslyn, Yirginia, by Brown (1). The disease was collected in 1926 by G. 
H. Coons and Dewey Stewart from a field at Lamar, Colorado, in which some 
hail injury had occurred. It was estimated that at least 10 per cent of the 
beets in certain portions of the field were affected. Since that time numer- 
ous collections have been made at Rocky Ford, Colorado, and other places in 
the Arkansas Valley, so that it can safely be said that the distribution of the 
disease is fairly general in this area. Mr. Asa C. Maxson, of the Great West- 
ern Sugar Company, has found the disease at Lowell, Wyoming. Extensive 
search has failed to disclose its occurrence in Michigan, although a number 
of eases of crown gall have been observed. 

It seems then that the distribution of the bacterial-pocket disease is 
chiefly restricted to the western beet area, the single exception being at 
Rosslyn, Virginia. It also seems safe to predict that additional observa- 
tions wall show the disease more extensively distributed in the w^estern ter- 
ritory than the few collections would indicate. 

The occurrence of galled beets has been noted for many years, and 
these beets have always attracted attention at harvest time. Townsend (11) 

1 Acknowledgment is made to Michigan State College j Office of Sugar Plants, 
Bureau of Plant Industry; and to the South Dakota State College for facilities fur- 
nished for carrying on the work here reported. The writer wishes to acknowledge 
indebtedness to Dr. 0. H. Coons for advice during the course of the work and for help 
in preparation of the manuscript. 
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states that when galls begin to appear on the beets in a given field they 
are at first few in nninber, increasing from year to year if beets are con- 
tinned in that field. Speaking of overgrowths of the sugar beet in general, 
he further states that this type of disease of the sugar beet has increased 
rapidly in recent years and that it is still on the increase. 

Prom the meager data at present available as to distribution of the 
bacterial-pocket disease of sugar beet as distinct from crown gall, it is 
obvious that no determination of actual loss caused by this disease can be 
made. The studies made in certain fields in Colorado indicate the poten- 
tialities of the bacterial-pocket disease. Surveys in various fields at Eocky 
Ford and Lamar, Colorado, have shown an average incidence of 3 to 4 per 
cent, while in one case in several large areas of the field, 10 per cent of 
the beets were affected. It is doubtful if the percentage of galled beets 
of the tubercle type in the general factory run approaches 1 per cent, but 
the high percentage found in certain fields indicates that under certain 
conditions the disease may become of increasing importance. 

Losses from the bacterial-pocket disease of beets involve the follow- 
ing considerations: (a) Affected beets show marked tendency to rot (Fig. 
1^ C). The bacterial-pocket disease does not itself cause extensive necrosis 
of the affected sugar beet, but the rotting which occurs is mainly attribu- 
table to secondary invaders, chiefly saprophytic fungi. The ruptured epi- 
dermis and the more or less disintegrated nature of the gall tissue afford 
easy avenues of entrance for such organisms and, as a result, there is con- 
siderable decay of affected beets in storage piles, (b) The bacterial-pocket 
disease of the beet, as will be obvious from the photographs, causes loss 
because of the wasteful topping of diseased beets. Since the eroAvns con- 
tain sneh a high percentage of salts which interfere with the recovery of 
sucrose in the process of manufacture, the present topping practices neces- 
sitate removal of the crown just below the scars of the lowest wiioii of 
leaves. The overgrowihs of the bacterial-pocket disease are often on the 
crown and extend into the main part of the root (Fig. 1, A and B). This 
means a very large portion of the beet is cut off in the topping process, 
thus reducing the tonnage yield, (e) The bacterial-pocket disease of the 
beet, however, produces its losses very largely because of the profound up- 
set of the sugar-beet metabolism w^hich it causes, with the consequent reduc- 
tion in sugar percentage and purity values. Townsend (11) called atten- 
tion to the injurious effects that overgrowths produce upon the quality of 
the sugar-beet roots. He showed that the galls themselves are low in purity 
and are detrimental in the milling process. From his work it is not clear 
which t}^3e of gall was under observation. 




Fig. 1. — The haeterial-poeket canker of sugar beets caused by PJiyiomonas l)eticola. 
A and B. Typical overgrowths showing ridges which terminate in galls. C. Decay of 
older overgrowths. D. Bacterial-pocket cankers located at an injury made in cultiva- 
tion. E. Gall on garden beet produced by inoculation with Fhytomonas 'beticola^ 
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EXPERIMENTAL WORK 

In order to determine tlie extent of sugar percentage reduction and the 
effect upon the purity coefficient of sugar beets induced by the attack of 
PJiyiomonas 'betioola^ diseased material collected in the field at Rocky Ford, 


TABLE 1 . — Comparative analyses for siicrose and apparent purity of normal 1) sets and 
of 'beets affected with the hacterial-poc'ket disease. Analyses made 
when heets were approximately two-thirds grown 


Condition of 
beets 

Date 

1927 

Weight in 
pounds 

Sugar in 
juice 

Coefficient 
of apparent 
puritya 

Size of 
over- 
growthsi> 

1. Called beet 

Sept. 

15 


11.2 

65,5 

Small 

N ormah ‘ 

; i 



12.8 

77.7 

£ C 

2. Galled ' 

i { 

£ C 

15 


10.8 


( £ 

Normal 

i t 



3| 

12.0 


£ £ 

3. Galled 

( c 

£ £ 

21 

6 

11.4 


£ ( 

Normal 

( c 



44 

13.0 


£ C 

4. Galled 

( c 

£ £ 

25 

2i 

10.2 

68.0 

£ ( 

Normal 

( c 



24 

13.6 

78.4 

£ C 

5. Galled 

( c 

£ £ 

25 

2| 

11.2 


£ C 

Normal 

( ( 



3 

11.1 


£ £ 

6. Galled 

( c 

£ £ 

25 

3 

11.0 


£ £ 

Normal 

C { 



4 

12.6 


£ £ 

7. Galled 

t c 

£ £ 

25 

24 

11.0 


£ £ 

Normal 

C ( 



H 

11.2 


£ £ 

8. Galled 

c c 

( £ 

15 

2 

10.8 

63.0 

Kedium 

N ormal 

C i 



24 

14.8 

78.9 

£ C 

9. Galled 

c c 

£ £ 

15 

3 

10.4 

64.5 

£ ( 

Normal 

c e 



24 

13.0 

78.3 

£ £ 

10. Galled 

c t 

£ £ 

30 

24 

10.4 

66.2 

£ ( 

Normal 

{ e 



3 

11.3 

78.3 

£ ( 

11. Galled 

< i 

£ ( 

25 

34 

11.2 


£ ( 

Normal 

i c 



34 

11.8 


£ £ 

12. Galled 

c c 

£ £ 

15 

44 

9.4 


Large 

Normal 

i c 



3| 

13.0 


£ ( 

13. Galled 

C ( 

£ £ 

21 

4 

10.0 

65.2 

£ £ 

Normal 

C i 







14. Galled 

( c 

£ £ 

21 

24 

9.2 


£ t 

Normal 

i i 



24 

12.4 


£ C 

15. Galled 

t £ 

£ C 

30 

2“ 

11.6 

72.0 

£ ( 

Normal 

i c 



44 

11.6 

78.0 

£ £ 

16. Galled 

C £ 

( £ 

25 

44 

9.8 

64.0 

£ £ 

Normal 

1 i 

1 


31 

12.3 

79.3 

£ £ 

17. Galled 

: i 

£ C 

25 

4 

10.3 


£ C 

Normal 

£ ( 



44 

13.6 


C ( 

18. Galled 

£ £ 

I f C 

25 

6 

9.2 


£ £ 

Normal 

£ C 

j 


44 

10.8 


£ £ 

19. Galled 

£ £ 

(( 

25 

24 

1D.6 


£ f 

Normal 

£ £ 



24 

13.2 


£ £ 

20. Galled 

£ £ 

£ £ 

15 

6 

10.6 

61.2 

£ £ 

Normal 

£ £ 



44 

13.0 

81.9 

£ £ 


a Computed from solids in beet juice as determined by refractometer. 
b OTergTOAvtli in eaeb case definitely determined to be due to Phytomonas heticola. 
c llie normal beet used as a ebeek ivas adjacent to the galled one, except where a 
considerable difference in size made it desirable to choose some other beet within a radius 
ot approximately 4 feet to serve as a check. 
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Colorado, was analyzed for sugar and purity. The results of these analy- 
ses were compared with parallel results obtained from normal beets which 
stood nearby in the row. The samples were taken from a field of commer- 
cial beets of a high sugar strain which were being sampled at weekly inter- 
vals for the purpose of determination of the course of sugar production dur- 
ing the season. Whenever a natural gall was found, a beet of approxi- 
mately the same size was chosen from an area within a radius of 4 feet for 
a comparative test. The beets were analyzed by , the usual individual-beet 
method (9) and before marked wilting had taken place. (Table 1.) 

The sugar content and coefficient of apparent purity are the factors 
which determine the value of beets for sugar-making purposes. A consid- 
erable percentage of the total weight of the beets consists of soluble solids, 
of which sugar forms the largest portion. The galled beets show a very 
much lower coefficient of apparent purity due to the larger amounts of im- 
purities in the form of soluble solids other than sugar. The greater the 
proportion of other soluble solids present the lower the purity, and from 
such beets it is more difficult to extract the sugar. These diseased beets 
with their low sugar and apparent purity percentage give syrup from 
which recovery of crystallizable sugar is poor, and the handling of such 
beets in the factory is unprofitable. 


TABLE 2 . — Sugar percentages of diseased sugar 'beets contrasted with percentages found 
Ml normal beets. Tested at Hoclcy Ford, Colorado. Summer, 19^7 


Variety 

Sucrose in juice 

Deviation from 

Size of 

Beets with 
overgrowth 

Adjacent 

cheeks 

centage of 
average check 

galB 


12.5% 

U.60% 

-2.10 

Small 

50165-106 

11.3 

12.53 

-1.23 

r c 


11.5 

12.03 

- .53 

( c 


11.0 

12.69 

-1.69 

c c 

4088-23 

10.0 

10.84 

- .84 

Medium 


9.5 

10.00 

- .50 

C 1 


10.0 

10.53 

- .53 

C ( 


9.6 

10.83 

-1.23 

c c 


11.1 

11.80 

- .70 

C i 

F. F.-24 

9.8 

12.82 

-3.02 

Large 


10.2 

12.64 

-2.44 

t c 


8.8 

11.51 

-2.71 

i ( 


10.0 

12.23 

-2.23 

( ( 


9.5 

11.90 

-2.40 

( ( 


a Gall in each ease determined as due to Phytomonas beticola. 
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Anotlier lot of beets ’vvas analyzed to fn-rnisli additional data on sngar- 
content relations. A number of artificially inoculated beets from plots of 
tliree different varieties were used. These beets were inoculated at inter- 
vals, so that on August 29, 1927, when the sugar determinations were made, 
there were three sizes of gall present, i.e., small, medium, and large. The 
checks were, ill the majority of cases, the two adjacent beets; however, if 
these did not furnish fair samples because of size, the checks were taken 
within a 4-foot radius. Attempt was made to choose the normal and dis- 
eased beets of as nearly the same size as possible. 

In the data given in table 2, the figure for the diseased beet is the actual 
beet-sugar percentage found, and the check value is the average of the 
sucrose percentages of the two adjacent normal beets. 

The analyses given in tables 1 and 2 are consistent in showing the marked 
reduction of quality of sugar beets brought about by the bacterial-pocket 
disease. Even in the cases where the overgrowths were small, there was a 
lower percentage of sugar. 

SYMPTOMS 

Exfernal char act eristics: There are, as Smith, Brown, and Townsend 
(10) have pointed out, two distinct types of overgrowth occurring on the 
sugar-beet roots, and these have been designated as ‘ 'tumors and tubercu- 
losis’’ (11). The terms crown gall and tubercle or bacterial pocket seem 
preferable to designate the two types. In the field it is easy to confuse these 
types of overgrowth unless certain characteristics of the older galls are taken 
into consideration. In the bacterial-pocket disease of beets the young tuber- 
cle is a smooth, yellowish white proliferation that shows no sign of outer-cell 
disintegration. At this stage, the bacterial-pocket overgrowth might be 
confused with crown gall if internal structure were not taken into considera- 
tion (3). The older overgrowths in the bacterial-pocket disease are char- 
acterized by their roughness and strongly fissured surfaces. The diseased 
root generally shows a tendency to be conical or turnip -shape. That is, the 
beet does not develop with the normal, long, tapering root, but is short and 
very broad at the crown. Also, because of a marked excessive bud develop- 
ment, profusion of foliage may accompany this type of growth. The leaves 
at times come out in groups over the entire crown and often extend down 
to the ground line. Along with the ffattening out of the crown, there gen- 
erally arise swellings which extend as ridges from about the middle of the 
root up to the crown. These ridges generally terminate in a large rono-h 
overgrowth (Fig. 1, A, B, C.). The primary tubercular focus which is the 
cause of this ridge development is generally deep within the tissue of the 
root with secondary tubercles near the apex of the ridges. These aspects 
are in marked contrast to the condition in other beet-root galls, which gen- 
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Pig. 2. — A. Bacterial foci characteristic of the pocket canker. B. Mass of bacteria 
exuding from a gall caused by Phytomonas 'beticola, (Photo by D. Stewart.) C. Galls 
produced by inoculation of sugar-beet petioles 'with Phytomonas heticola, (Wounded 
check on left.) D. Tomato plants inoculated with Phytomonas 'beticola (left) and P. 
tumefacie^is (right). E. Grown gall of sugar beet caused by Phytomonas tumefaciens. 
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erally are lateral fleshy outgrowths upon the affected roots. In the case 
of the bacterial-pocket disease, secondary tubercles can be noticed on the 
surface of the primary tubercle, and the>se nodular growths, together with 
the deep fissuring, give the proliferation a very rough, warty appearance. 
Near the end of the growing season the tubercles show more or less decay 
of the outer layers of cells. The large fissures and cracks may penetrate 
the root tissue to a depth of an inch. These openings offer excellent avenues 
for entrance of secondary fungi, and these, under ordinary conditions, lead 
to partial decay of the crowm (Fig. 1, C.). 

Internal char act eristics : The internal appearance of this disease is very 
distinct from that of crown gall. In the bacterial-pocket disease, localized, 
brownish, watery pockets occur (Fig. 2, A). These bacterial foci give point 
to the significance and applicability of the name tuberculosis, first applied 
to the disease. The gall tissues are a result of both hyperplastic and hyper- 
trophic development. Microscopic examination of the brownish, watery 
spots or pockets, shows large masses of bacteria. These bacterial pockets 
vary from 2 mm. to 10 mm. in diameter and extend up and down the gall 
1 mm. up to 3 to 4 cm. They are filled wuth material of a viscid consistency, 
which, under moist conditions, is sometimes so very mucilaginous that the 
bacterial slime when touched may be drawn out in sticky threads (Fig. 
2, B). The diameter of the galls examined varied from about 1 cm. in 
young infections to as large as 1 dm. in old beets. 

Petiole galls: Galls caused by Phytomonas leticola on leaf petioles were 
produced by artificial inoculations of the petioles but have not been seen 
under natural conditions. The proliferations on the petioles are at first 
small and appear to come from under the epidermis at the point of in- 
oculation. As the gall becomes older, the epidermis begins to crack and 
small fissures are formed. The overgrowth then takes much the same rough 
appearance as the galls on the roots. The galls when young are green, 
but as the epidermis is ruptured the outer cells disintegrate, and become dry 
and brown (Fig. 2, C). 

Since crowm gall and the baeterial-poeket disease of the sugar beet are 
apt to be confused in reports on sugar-beet galls, the following table is 
given, which will enable fairly safe field diagnosis to he made. (Of. Fig. 1, 
A, B, C, D, aiid Fig. 2,E.) 

Eelation of tiwiinds to disease incidence: From field observations made 
in 1926 and 1927, in Colorado, it appears that the incidence of the bacterial- 
pocket disease in young, rapidly growfing beets is strongly influenced by 
wounding, provided temperature and w^ater relations are favorable for in- 
fection. The disease has been found associated with the wounding of beets 
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TABLE 3 . — Comparison of hacterial-pocTset disease and crown gall of sugar 'beets 


Bacterial-pocket disease 


A bacterial disease caused by PJiytomonas 
'beticola. 

Co^nparisooi of 

1. Rough, warty, or tubercular overgrowth. 
Roughness due to rupturing of epidermis. 
Large fissures develop in the overgrowth. 

2. Portion of root below the galls fre- 
quently ridged, ridges extending from middle 
of root to crown, terminating in the galled 
outgrowths. 

3. Misshapen, ridged, turnip-shape beet 
roots generally result from this disease, 
usually with a large amoimt of newly formed 
leaves coming out over entire crown, 

4. Secondary fungous invasion of the beet 
c 0 mm 0 nly p r e v alen t . 

5. In small, newly developed galls the 
contour may be uniform, the epidermis in- 
tact (later becoming cracked), flesh yellow- 
ish white, with numerous yellowish pockets. 


Crown gall 


A bacterial disease caused by Phyto- 
monas tumefaciens. 

Overgj'Qwtlis 

1. Smooth or wrinkled overgroivth. 
Contour uneven in old galls, but epider- 
mis usually intact without fissure forma- 
tion. 

2. Ridges absent ; gall generally sepa- 
rated from root by stipe-like growth. 


3. Shape of root usually not changed 
exee^Dt at place of tumor formation; no 
extra growth of leaves. 

4. No secondary fungous growth gen- 
erally associated -with this type of over- 
growth. 

5. In small newly formed galls, con- 
tour even, epidermis intact, ordinarily 
does not become fissured, flesh white. 


Internal Symptoms of Boots 


1. Numerous yellowish, watery spots pres- 
ent wfithin galls. (Bacterial pockets.) Sur- 
rounding tissue, white. 

2. Strands not very noticeable, outer cells 
of overgrowth decayed, fissures extending 
into tissue. 


1. No bacterial pockets present; beet 
tissue, white. 

2. Strands of tissue extending in all 
directions 'within gall; outer cells, not de- 
cayed. 


during cultural operations (Fig. 1, D). For example, nieclianical injuries 
made by a cultivator, just before irrigation, in the case of a field where the 
disease had been prevalent the previous year led to infection of nearly 60 
per cent of the wounded beets. Mr. A. W. Skuderna,^ of the American 
Beet Sugar Company, has reported an instance in which an extremely high 
percentage of bacterial-pocket disease occurred following use of a heavy 
roller on a field ‘when the beets were in the seedling stage. Crowns of beets 
often are injured by hail and such injuries have been observed to lead to 
abundant disease production in fields in southeastern Colorado. The hail 
storms generally are accompanied by heavy^ splashing rains which serve to 
carry the organism to the wounds as well as to provide favorable conditions 
for establishment of the pathogene. Mr. Asa C. Maxson, of the Great 


2 Verbal communication. 
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Western Sugar Company, Longmont, Colorado, has made similar observa- 
tions : ‘^Several times during the past 18 years I have found this type of 
growth very common in fields badly injured by haih^ 

The following results of field inoculations made by the writer at Rocky 
Ford, Colorado, during the summer of 1927, are pertinent to the situations 
described. Broth cultures of three strains of Fhyiomonas leiicola and one 
strain of P. himefacieots were applied to exposed portions of the sugar and 
garden beets. In certain cases the inoculated areas were scarified by a few 
needle scratches, and in other cases the beets were left unwounded. Fre- 
quent examinations were made during the first 10 days, and 20 days after 
inoculation the beets ^vere pulled and final readings taken (Table 4). In 


TABLE 4. — Inoculations ivitJi three strams of Fliytomonas heticola (Nos. 1, S, and 3) 
and P. fume faciens {M. S. C. No. 146) 


Host 

Organism 
and strains 

Method of 
inoculation 

JSTo. of 
plants 

No. of plants showing 
overgrowths 

5 

days 

10 

days 

15 

days 

20 

days 

Sugar Toeet 

Check 

W ounded 

12 

0 

0 

0 

0 

i c a 

P. heticola 1 

W^ounded 

25 

0 

10 

12 

24 

c C ( s 

Check 

W^oimded 

10 

0 

0 

0 

0 

it e c 

P. heticola 3 

Wounded 

25 

0 

5 

14 

25 

c e ( i 

P. heticola 3 

Non wounded 

1 25 

0 

0 

0 

0 

{ i { £ 

Check 

Nonwounded 

25 

0 

0 

0 

0 

( £ it 

P. heticola 2 

W ounded 1 

1 25 

0 

0 

0 

0 

Oarden 

P. heticola 2 

W ounded ' 

25 

0 

3 

4 

9 

Sugar ‘ ^ 

P. tumefaciens 

W^ounded 

25 

0 

0 

0 

15 

i £ £ £ 

P. tumef aciens 

Nonwounded 

25 

0 

0 

0 

0 


the case of two strains of P. heticola practically 100 per cent infection re- 

suited in sugar beets. Inoculations without wounding failed in all cases ; 
no g'alls appeared spontaneously on the check beets, wounded or non- 
wounded. Strain 2 of P. heticola was not pathogenic to sugar beets but did 
attack garden beets (Fig. 1, E). Crowui gall was produced on 15 out of 
the 25 injured plants, and this figure doubtless would have been greater had 
a longer period been given for the galls to develop. From this test the sig- 
nificance of wounding to disease production is evident. 

OVERWINTERING OP THE ORGANISM IN THE GALLS AND THE SOIL 

In common agricultural practice, beets are topped in the field to the end 
that the debris containing Phyfomonas heticola is scattered in the field. 

3 Letter to G. H. Coons. 
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Such galls on the surface of the soil would be subjected to drying and freez- 
ing, but the organisms within the galls would be more or less protected. To 
follow in a general way the effect of drying and low temperature upon 
masses of the organism in the galls, three tubercles from a beet that had 
been kept in the ice box (about 10° C.) from October 16, 1926, to January 
15, 1927, were ground in a meat grinder. This material was mixed thor- 
oughly with steam-sterilized soil from the greenhouse, having a pH reaction 
of 6.80. Ten pots were used and the following quantities of the ground 
material were added to the various pots of the series: 0.5, 1.0, 2.0, 5.0, 10.0, 
20.0, 30.0, 50.0, 100.0, and 200.0 grams. Young sugar beets showing about 
7 sets of leaves and whose root bundles had started to differentiate into the 
collateral type were transplanted, three plants to each pot. After the 
plants were firmly established, the dirt was removed from one side of the 
root. The crown and root were injured by scratching along the root with 
a sterile needle, so as to expose both the crown and lower portions of the 
beet to the material to be tested. The pots were watered uniformly with 
sterile Avater oA^er a 27-day period. Thereafter, the plants received ordi- 
nary care. The results are given in table 5. 


TABLE 5. — Infections secured in a 40-day period with varying amounts of ground heei 
galls {Fhyiomonas hcticola). Young sugar heets exposed to infection 
after 'being wounded at croiV7i and along the roots 


Pot 

Quantity 

40 days 

Grails produced 

1 

0.5 gm. 

0 

0 

9. 

1.0 “ 

0 , 

0 

3 

2.0 gins. 

0 

0 

4 

5.0 

+ 

2 

5 

10.0 

+ 

2 

6 

20.0 '' 

4- 

3 

7 

30.0 

4" 

3 (4)a 

8 

50.0 

4- 

3 

9 

100.0 

+■ 

3 

10 

200.0 '' 

4- 

3 (4)a 


a Doubtful, Fhyiomonas beticola not recovered. 


The persistence of the organism in galled beets Avhich were stored at 
relatively Ioav temperature and AAuth considerable drying is shoAvn by this 
test. The failure to secure infection Avith the smaller quantities of the 
ground sugar-beet gall indicates a reduction in the number of germs under 
the conditions, but the reduction probably is not significant in the field rela- 
tions of the organism. 
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In many fields, in Colorado, fall plowing is practiced. Under sncli con- 
ditions the diseased material would be covered with soil. To determine 
whether the organism survives in the crowns when covered with soil, two 
beets showing galls were placed out of doors on November 3, 1926, and w^ere 
buried in sandy loam soil at a depth of 6 inches. After being subjected to 
ordinary winter conditions in Michigan, wdtli alternate freezing and thaw- 
ing (lowest temperature -10° P.), one of these beets was examined March 
3, 1927, and the other April 29, 1927, and both were found somewhat dis- 
integrated. Isolations made from the interior of the decaying galls gave 
a great variety of organisms. Prom these a large number of yellow organ- 
isms were selected, some of which were shown by cultural tests and inocu- 
lations to be Fkyiomonas Ijeticola. It is evident from this test that the bac- 
teria in the galls buried in the soil can withstand severe winter conditions. 

Aside from the persistence of Phytomonas l)eUcola in the galls wdiere 
more or less protection of the masses of bacteria is given by the beet tissue, 
it is evident that the organism may exist saprophytically in the soil as a 
free living form. In order to investigate this phase, the following prelimi- 
nary test was carried on to test the technique of determination of suspected 
isolations by use of an agglutinating serum as proposed by Goldsworthy (4) . 

A composite broth mixture of Phyiomonas leticola No. 1 and several 
other undetermined yellow organisms which had been isolated from soil at 
Eoeky Pord, Colorado, was poured onto soil in flower pots in which young 
sugar-beet plants w’ere growing. The beets were then punctured with a 
sterile needle and kept moist with sterile water; they later developed galls, 
Poiirteen days after the suspension w^as poured on the soil, cultures were 
made from the soil in serial dilutions, as showm in table 6. The numerous 
yellow organisms which developed on the plates were isolated and grown on 


TABLE 6 . — Test of a niim'ber of yellow ot'ganisms obtained from dihition plates of soilj 
against a serum ag glutmating FJiytomonas beticola at a titre of 1:1200 


Soil dilutions used 

Yellow colonies 
selected 

NnmliBr agglutinated 
by P. beticola serum 

1/1,000 

14 

4 

1/10,000 

9 

3 

1/100,000 

1 

0 

1/1,000,000 

2 

0 

1/2,000,000 

1 

0 

1/5,000,000 

1 

3 

i 

1 
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potato-dextrose agar and then tested with a P. l)eticola antiserum in the 
usual manner (Table 6). 

It will be seen that a total of 8 organisms out of the 30 suspected isola- 
tions were agglutinated by the serum used. 

These organisms were then used for inoculating rapidly growing sugar 
beets. One month after inoculation, seven of the eight organisms tested 
produced typical tubercles, thus confirming the preliminary diagnosis in 
seven cases out of eight. The organism failing to produce the disease in 
sugar beets may or may not have been Phytomonas beticola. The results 
of this test corroborate Goldsworthy’s claim as to the value of agglutinating 
serum for quick diagnosis of suspects and indicate that suspected isolations 
from field soils could be readily diagnosed. 

The method was then used in field tests. The first work was clone with 
soil samples from a field at Lamar, Colorado, in which oats were growing 
and which, in the previous year, had shown considerable bacterial-pocket 
disease (10 per cent in certain portions) . Twenty samples taken at random 
places in the field July 2, 1927, were used in the test. Serial dilutions of 
1-10,000 to 1-2,000,000 were made in duplicate of each sample and these 
were employed in seeding potato-dextrose-agar (pH 7.56) plates. Prom 
these plates, 89 organisms showing the most tj^pieal pigment formation and 
growth characteristics were picked out and cultured. These 89 suspected 
organisms were then tested by use of the serum known to agglutinate Pliy- 
tomonas beticola at a titre of 2200. Six showed a strong agglutination reac- 
tion with the test serum at a 1—1,000 dilution and were provisionally con- 
sidered as being P. beticola (Table 7). The pathogenicity of each of the 
six organisms was then tested by wounding and inoculating rapidly growing 
sugar beets and garden beets in the experimental field. Many other beets 
were similarly wounded as a check on spontaneous occurrence of galls. No 
galls appeared on these latter beets. Five of the six organisms selected 
produced galls on sugar beets, and all of the organisms proved pathogenic 
to garden beets, thus confirming the preliminary diagnosis based upon the 
agglutination reaction. It is evident that P. beticola had persisted over 
winter in the soil under the dry conditions prevalent in the Colorado dis- 
trict, and the technique as outlined by Goldsworthy proved useful in field 
studies. Without using an excessive number of dilution plates, P. beticola 
was isolated from soil of a field where the bacterial-pocket disease had oc- 
curred on sugar beets the previous year. 

Other soil samples taken from the various Rocky Ford, Colorado, fields 
where the bacterial-pocket disease was uncommon or where beets had not 
been grown at all recently yielded only one definitely identified culture of 
Phytomonas beticola, although many hundred platings were made. Irriga- 
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TABLE 7 . — SesuUs of the agglutination test with Phytomonas heticola antiserum anS 
organisms isolated from the twenty samples obtained at Lamar, 

Colorado, Record for colonies given as averages 



Plates 


Serum dilutions 


Soil dilutions 
nsed for 
plates 

Number of 
colonies 

Number of 
yellow 
colonies 
Average 

Number of yellow colonies showing 
agglutination 


Average 

1:5 

1:50 

1:100 

1:500 

1:1000 

1/1,000 

1/1,000 

Too numerons 

1 c i i 

Too numerous 

i £ C t 


None s 

elected 



1/10,000 

96 

27 

2 

1 

0 

0 

0 

1/10,000 

103 

16 

6 

4 

2 

2 

2a 

1/50,000 

47 

22 

2 

1 

1 

1 

lb 

1/50,000 

30 i 

11 

1 

1 

0 

0 

0 

1/100,000 

12 1 

7 

1 

1 

1 

1 

1^ 

1/100,000 

17 

3 

1 

! 

? 

? 

la 

1/1,000,000 ... 

4 

1 

0 

0 

0 

0 

0 

1/1,000,000 ... 

8 

0 

0 

: 0 

0 

0 

0 

1/2,000,000 ... 

9 

2 

1 

1 

1 

1 

la 

1/2,000,000 ... 

5 

0 

0 

0 

0 

0 

0 

Totals 

331 

89 

14 

9 

5 

5 

6 


a Produced galls ou sugar beets and garden beets typical of Phytomonas heticola, 
b Not pathogenic to suger beets, produced typical Phytomonas heticola galls in 
garden beet. 


tion water from the Rocky Ford and Gatlin systems'^ was tested by the above 
method, bnt in no cases were agglntinating organisms secured. Soil that 
as far as is known, may be termed virgin soil gave no agglutinating organ- 
isms j however, it is probable that the amount of material tested was iiisuf- 
ficieiit to prove that the organism is not present in that type of soil. No 
coneliisioii is warranted as to the natural occurrence of the organism in 
western soils, the one positive isolation being from a cultivated field on 
which beets may have been grown at some earlier time. It seems difficult to 
recover the organism except from fields with considerable infestation, and, 
if the organism is endemic in western soils, sugar-beet culture probably 
serves to intensify the infestation. 

The above experiments, taken in conjunction with the overwintering 
results previously outlined, give evidence that PMjtonionds leiimla can 
overwinter in Colorado soils under ordinary climatic conditions. In the 
soil samples taken from the Colorado fields no recognizable fragments of 

4 Two irrigatiou systems supplying water to fields in the Arkansas Valley, Colorado. 
Tlie water from the river is run onto fields at the upper end of the valley, and the waste 
wmter from these fields is used on the fields lower down the valley. 
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beets were included in the material plated, and the organisms are believed 
to have been free living forms. This evidence, coupled with the develop- 
ment of the disease here and there in the Arkansas Yalley, leads the miter 
to the opinion that with this organism we have to do with a pathogene capa- 
ble of living in the soil from season to season if not for longer periods. 

EXPERIMENTAL WORK WITH STRAINS OF PHYTOMONAS BETICOLA 

In the course of these studies a number of organisms have been isolated, 
tested for pathogenicity, and used in cultural and serological tests. These 
isolations have shown certain recognizable characteristics, and, for conveni- 
ence, the organisms are discussed under the laboratory number. All con- 
form closely to the cultural criteria for the species and have varied chiefly 
in pathogenicity, in rate of growth, and in intensity of pigment. 

No. 1 was isolated from a sugar beet received from Pocky Ford, Colo- 
rado, October 16, 1926. It produced abundant growth in media and was 
strongly virulent in a series of inoculation tests. 

No. 1-a was reisolated from a sugar beet inoculated with strain No. 1. 
The organism made good growth on laboratory media and showed strong 
virulence for sugar and garden beets as well as Swiss chard. types 

were profuse. 

No. 1-aa was reisolated from a sugar beet artificially inoculated with No. 
1-a. Peactions were the same as for No. 1-a, but P and type colonies 
were present in about equal numbers. 

No. 2 was isolated b}^ Mrs. M. C. Strong, of Michigan State College, 
from a beet sent from Lamar, Colorado, October 13, 1926. This organism 
produced good growth on laboratory media. It \vas distinct from many 
other strains in showing strong virulence on garden beets but was not viru- 
lent to sugar beets in repeated inoculation tests. 

No. 2-a was reisolated during the summer of 1928 from a garden beet 
at Pocky Ford, Colorado, which had been inoculated with strain No. 2. 
This orgaiiLsm, like strain 2, was virulent to garden beets, but nonvirulent 
to sugar beets in repeated tests. 

No. 3 was isolated from soil obtained at Lamar, Colorado, as described 
in a previous section. The organism produced good growth on laboratory 
media and exhibited strong virulence to both sugar and garden beets. 

Fliytomonas tumefaciens, M. S. C. No. 116. A culture obtained from 
Dr. E. F. Smith, of the Laboratory of Plant Pathology, U. S. Department 
of Agriculture, and labelled ‘'Hop Strain,’^ has been maintained in stock 
culture for some years at Michigan State College, and was u>sed in compari- 
son with PJiytomonas 'beiicola. 

The recent work published by Brown (1) as to cultural work, patho- 
genicity, and host considerations make lumeeessary extended record of 
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findings in enltural studies with this organism. The standard cultural 
tests were used and, in every important particular, similar and confirma- 
tory results were obtained. The characterization of Phyiomonas lyeticola 
as given by Miss Browui seems adequate to permit sure diagnosis and 
differentiation. 

An abridged statement as to pathogenicity, which also confirms Miss 
Brown’s findings, may be given: The cultivated sugar beet, Beta vulgaris 
L., as represented by two varieties grown commercially at Kocky Ford, 
Colorado, namely, Pioneer and Flat Foliage, w^ere found very susceptible to 
the bacterial-pocket disease discussed in this paper. No varietal diff'erences 
as to resistance or susceptibility were found in sixteen varieties of commer- 
cial beets which were tested by artificial inoculation. Typical overgrowths 
also have been produced on garden beets, B. vulgaris^ and Swiss chard, B, 
viilgmas cicla L. When inoculations were made into tomatoes, Ly coper- 
sicon esoiilentiim Mill., no typical gall formation resulted. HoAvever, a 
small, smooth, yellowish spot on the stem at the point of injection (Fig. 2, 
D, left) w^as noticed 28 days after inoculation. Pure cultures of the organ- 
ism w^ere obtained from this spot at that time. It is probable that the 
tomato merely harbored the organism at the place of inoculation without 
definite invasion occurring. Tobacco, raspberry, apple, and geranium 
plants were inoculated but showed no symptoms of gall formation. In con- 
trast to these results, all the above-mentioned plants with the exception of 
tobacco developed overgrowths when inoculated with the crown-gall organ- 
ism in a series of tests paralleling the above-mentioned inoculations (Pig. 
2, D, right). No wild host for the organism has been found, although vari- 
ous weeds belonging to the family Chenopodiaceae or closely related fam- 
ilies were examined in fields where the disease was developing in consider- 
able amount on the sugar beet. 

SEROLOGICAL TESTS WITH THE VARIOUS STRAINS OF PHYTOMONAS BETICOLA 
AND OTHER BACTERIAL PATHOGENES 

Agglvitination Tests. Several writers have reported use of specific ag- 
glutinating sera as a method of identification of phytopatliogenic bacteria 
(6, 7, 8). The writer’s studies have been concerned with the production of 
specific agglutinating sera for Phytonionas leticola, for use in diagnosis of 
suspected organisms and in comparative tests in which other plant patho- 
genes were included. The methods follow^ed -were, in general, similar to 
those given by Zinsser et al (12) and Sharp (8), but it was found, how- 
ever, that if dead or heat-inactivated P, leticoU was used as antigenes the 
sera obtained were not of so high a titre as was later obtained by using the 
living organisms. The organisms used as antigenes consisted of various 
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strains of P. leiicola, a culture of P. Uimefaciens (Hop Strain from E. P. 
Smith), and a culture of Erwinia carotovora (heated). Forty- eight-hour- 
old cultures on potato-dextrose agar (pH 7.2) were washed from the slant 
with normal saline, and, after filtering through sterile cotton and shaken 
with beads, were adjusted to a standard density (No. 2) by use of a McFar- 
land iiephelometer. 

In the first attempts the standardized suspensions of Phytomonas 
cola were heated to 56° C. for one hour before the intravenous injections. 
The titres obtained with this material were not very high, namely, 320 and 
640. In another series of rabbits the antigene was injected without the 
preliminary heating. After 5 intravenous injections of 1 cc. of the anti- 
gene at 2- to 4-day intervals, sera of much higher titre (2200 to 3600) were 
obtained, as shown in the table. 

Having obtained the high-titre sera, various plant and soil bacteria were 
subjected to cross-agglutination tests in which the macroscopic method of 
determination was used. Difficulty was experienced with Phytomonas 
tumefaciens because of its tendency to form small clumps spontaneoiisly in 
the 0.85 per cent salt solution (c/. Link and Link, 6). "With a suspension 
ill 0.5 per cent salt solution centrifugalized to remove the heavy clumps, a 
fairly stable suspension was obtained. 


TABLE 8 . — Antisera from radhits used in agglutination tests: 5 infections, 1 cc. each, 
of nonheated hacterial suspensioyi, at 2- to 4-day intervals were given 


Serum No. 

Antigen e 

Method 

Titre obtained 

407a 

Phytomonas beticola No. 1 

Intravenous 

1200 

239 

ft 1-a 


2200 

101 

‘‘ tumefaciens 146 

t f 

2750 

397 

tt tt 146 

f f 

3050 

294 

heticola 1-a 


3250 

295 

t f C C ^ ^ 2 

f t 

3300 

395 

JE fwin i a carot ov ora 

Intrap eritoneal 

640 


Sera were given a number corresponding to the animal number at Michigan State 
College, 


In table 8 the results of the agglutination tests are given. In each case, 
the antiserum was used with its homologous antigene, and in all cases except 
with the E7nvinm carotovora serum, which -was known to be of low titre, 
strong flocculation in dilutions up to 1 to 640 was obtained. 'When other 
strains or species were used, the agglutination was either much weaker or 




± Doubtful flocculation. 

-ISFo flocculation. 

a Patliogenic to insects, obtained from G. P. Wliite, 
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absent, tlie differ enees being so pronounced as to indicate clearly specificity 
of reaction. Tbe following reactions deserve eoinnient. 

Tlie antisera, 239 and 294, obtained by using Tliytomonas teticola No. 
1-a as an aiitigene, showed no strong reaction with any antigene except the 
homologous one (Tables 9 and 10). However, strains of P. beticola No. 2 
and 2-a, isolated from typical bacterial-pocket galls on beets grown at 
Lamar and Eoeky Ford, Colorado, respectively, showed slight flocculation 
in a dilution of 1-20. Erwinia caroiovora showed a very slight tendency 
toward a reaction, but agglutination could be detected only with micro- 
agglutination methods. Phytomonas vignae showed a slight reaction with 
serum from rabbit 239, but from 294 no reaction was noticed. This organ- 
ism, much the same as P. tiimefacienSj has a tendency at times to flocculate 
in 0.85 salt solution, which may account for the doubtful reactions noted. 

The antiserum of Phytomonas tiimefaciens (Table 9) proved to be spe- 
cific for its own antigene, except in the ease of a 1-40 dilution reaction with 
P. vignae and 1-20 with P. beticola No. 1-a. The reaction was very marked 
in the case of P. vignae, and a group relationship between these two organ- 
isms may exist. The agglutination with P. beticola No. 1-a was very slight, 
and no strong group agglutination was indicated. 

The Erwinia carotovora antiserum 395, which was the result of intra- 
peritoneal injections, gave a very low titre. However, it was specific in its 
action. Except when Phytomonas tiimefaciens was used as an antigene, 
there was a definite reaction up to 1-40 dilution. Thus, an ajoparently 
contradictory situation was observed, since the antiserum homologous with 
P. tumefaciens in the previous experiment had shown no agglutinative 
power for E. carotovora. Link and Link (6) have previously observed the 
same phenomenon. It was later found that partial agglutinins for P. 
tumefaciens were actually present in the serum homologous for E. caroto- 
vora. This was determined by making separate additions of E. carotovora 
and P. tumefaciens emulsions, which are concerned in the group agglutina- 
tion, to aliquots of antiserum. The homologous antigene [E. carotovora) 
when added to the antiserum 395 and incubated for two hours then een- 
trifugalized to obtain a clear serum. This serum was then tested again 
with the E. carotovora and P. tumefaciens. No agglutination was obtained 
with either organism. When the attempt was made to secure absorption, 
using a suspension of P. tumefaciens with another part of the serum in the 
same dilution, the specific agglutinins for E. carotovora were not removed 
and it was found that the clear serum obtained after incubation and centri- 
fugalization was still capable of agglutinating E. carotovora. The clear 
serum did not agglutinate P. tumefaciens. This test is interpreted to indi- 
cate that a specific protein is present in E. carotovora for the production of 
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Antiserum 204, lioniologons witli Fhytoinonas 
hcticoki No. 1-a 

Dilutions 

Check 

1 1 1 1 i 1 1 1 1 1 1 

o 

r-i 

J 1 1 J 1 1 1 1 ( 1 1 

-i- -i- 

O 

c-a 

CO 

tH 

-f -h 

t 1 1 j 1 1 1 1 1 1 1 

o 

q:? 

i 1 1 T 1 1 1 1 1 1 1 

A -1- 

o 

T—i 

i i 

± 1 -h I i 1 1 1 1 1 1 

-f T 

O 

+ t 

p -fl -i- j i 1 1 1 1 1 1 

o 

1 +1 + 1 1 1 1 1 1 1 1 

1 

1 

oc 

H 

5 

6 

S 

5 d 

1 siz; 

tJD 13 
! O 

i rs. c: 

! 

1 O 

1 

1 lO 

1 Cl 
i ca 

3 

1 < 

Dilutions 

'3 

3 

1 1 1 1 

o 

r -1 

_i_ 

'I'l 

O 

ca 

CO 

rH 

' ? ' i 

-+- 4- 

o 

T— H 

T i 

1 T 1 t 

j ■+ 4- 

o 

1 — i 

'i'± 

ca 

1— i 

I'M 

! 

o 

rn 

'M 

\ 

I 

1 2 

S 

j 

-< 

P. heticola No. 1-a 

P. heticola No. 2-a 

P. tumfaciens No. 14(i... 

P. heticola No. 2 

P. heticola No. 1-aa 

E. atroseptica (1) 

E. atroseptica (2) 

E. amylovora 

Ps. fiuorescens 

E, carotovora 

P. vignae .... 

P. hyacinthi 


sl'lg 

3 O =J 
j t) O 

ip p -jj ^ 

1 ^ 

2 P 
: ± ^+1 


-No flocculation. 
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antibodies that -will react weakly with P. tiimefacienSy but the reaction is 
not reciprocal, i.e., P. iiimefacdens does not contain antigenic material capa- 
ble of producing a serum reactive with E. carotovora. 

The P. 'beticola No. 2 antiserum agglutinated only the homologous anti- 
gene and the subculture of serum No. 2, 2-a. No agglutination whatsoever 
’was obtained in cross-agglutination tests in which P. beticola No. 1-a or P. 
tumefaoiens employed as an antigene (Table 10). 

The antiserum of P. beticola No. 1-a from rabbit 294 showed a slight 
tendency toward agglutination with 1-10 dilution of P. hmiefaciens and a 
slight reaction up to 1-40 with strain No. 2. Phytomonas beticola l-aa, 
which was a reisolation of No. 1-a, when used as an antigene, gave the same 
agglutination as the parent strain. 

The work has shown that sera of relatively high titre are extremely use- 
ful for diagnostic purposes if decision is based upon positive agglutinations 
obtained in high dilutions. Phytomonas beticola antisera when tested 
against other plant pathogenes as antigenes proved to be specific. The 
negative results of cross-agglutination tests when P. beticola strain 2 and 1-a 
were reciprocally used with the appropriate heterologous antiserum are not 
unlike results of agglutination tests recorded for strains known to exist 
within other bacterial species. Strongly positive reactions in high dilutions 
are apparently significant in showdng serological and presumptive specific 
identity. The negative or weakly positive reactions indicate difference in 
the antigenes but give little clue to the extent of these differences. 

CULTURAL CHARACTERISTICS AND SEROLOGICAL REACTIONS OF R AND S 
TYPE COLONIES OF PHYTOMONAS BETICOLA 

In cultural work with Phytomonas beticola No. 1-a there appeared on . 
many plates two distinct types of colonies and in a few rare cases a third | 
type. One was round, regular, yellow, and characterized by a smooth glis- ^ 
tening surface ; the other more or less irregular, of cheesy consistency, and 
with a rough or wrinkled surface. Following the terminology of recent 
bacteriological investigations (c/. Hadley 5), the former was termed the S 
type (smooth), the latter the E type (rough). The third w^as different 
from either of the above-mentioned forms and had a rhizoid or lobed out- 
line; and w^as therefore called the rhizoid type. These three forms have 
been described by Brown (1) in her recent work and all three forms found 
to be infectious. In hanging-drop preparations the bacteria from the S 
types were very motile. The bacteria from the E-type colonies were dis- 
tinctly more sluggish. 

Cultures of either E or S type growing on agar slants remained rather 
constant to their growth type when regular 24-hour transfers were made. 
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Dilution plates made from the older (10—20 days) P-type slants also showed 
considerable constancy in the types present, since only occasionally the 
S-tj^e colony appeared on the plates (Table 11). 

TABLE 11. — Types of colonies appearing on dilution plates made from 20-day-old B- 
a7id, S-type cultures. Potato-dextrose agar used in plates 150 x 26 mni. 


a 

Parent culture of R type 

b 

Parent culture of S typ 

e 

Plate 

R type 

S type 

Sub- 

merged 

Per cent 
S type 

Plate 

E type 

S type 

Sub- 

merged 

Per cent 
E type 

1-a 

6 

0 

21 

0 

1-b 

10 

15 

15 

40.0 

2-a 

IS 

1 

12 

5.2 

2-b 

11 

9 

15 

55.0 

3-a 

10 

0 

20 

0 

3-b 

10 

16 

16 " 

38.4 

4 -a 

1 20 

0 

9 

1 0 1 

4-b 

11 

16 

8 

■ 40.7 

o-a 

1 17 

0 

11 

0 

5-b 

19 

19 

8 

5D.0 

6-a 

i 19 

0 

8 

0 ^ 

6-b 

6 

11 

11 

35.2 

7-a 

23 

1 1 

8 

4.1 

r-b 

6 

16 

9 

27.2 

S-a 

42 

0 

16 

0 

8-b 

23 

21 

20 

52.2 

9-a 

33 

0 

lo 

0 

9-b 

24 

29 

12 

45.2 

10 -a 

19 

2 

19 

9.5 

l»-b 

7 

19 

21 

26.9 


1 



1.8 





41.0 


On the other hand, the S-type cultures ivhich had shown constancy-of- 
growth forms in the 24-hour transfers and ■which appeared as typical 
smooth growths, in older tubes gave in a preliminary test, when dilution 
plates were made from these old tubes, a very large number (approximately 
41 per cent) of E-type colonies among the S-type colonies (Table 12). 


TABLE 12. — NumPer of P- and S-type colonies resulting from selection of the sixth suh- 
culture of S type of Pliytomonas heticola on dilution plates 
(Transfers made every 24 hoitrs) 


Plate number 

Colonies 

Eemarks 

0-R 

s 

Submerged 

1 

0 

2 

12 


2 

0 

13 

13 


3 

0 

10 

S 


4 


19 

6 

1 R- and 1 O-type'-^ 

5 

0 

13 

1 


6 

1 

2 

7 

O-typea 

7 

0 

1 6 

7 


8 

0 

9 

3 


9 

0 

10 

11 


10 

0 

23 

5 



^Lobe-type colonies distinct from K- or S-type. 
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Further work was done to substantiate the above findings j 60 dilution plates 
were made from many other 20-day-olcl S-tj^e cultures. The results from 
these checked well with the first test, since 42.7 ±i 4.24 per cent E-type col- 
onies were found to be present among the S-type colonies. It would seem 
that under conditions present in old culture tubes, the S-type growth form 
is replaced strongly by the E type and that the E-type growth form is 
rather permanent. 

Certain S-type colonies were selected from the dilution plates and were 
studied after six transplants to agar slants at 24-hour intervals. All of 
these cultures appeared to be of the S type in the test-tube cultures. In 
table 12 the result of a plating from one of these tubes is given. It will be 
seen that the colonies are prevailingly of the S type, but one E and two 
rhizoid types appeared. 

Very few colonies of rhizoid type have appeared in numerous platings 
of this organism, the chief colony types being the E and S growths. These 
are generally clear-cut in their essential features and readily distinguish- 
able. In a few cases there was observed distinct iiitergradations and these 
took on some definite aspects. In a number of colonies on the dilution 
plates made from old cultures of S slants, showing both E and S types, side 
outcropping of E type was often noticed on S-type colonies. In all in- 
stances these outcrops were located near the edge of the smooth colony in 
a three- or four-day-old plate. A smooth portion was never observed sur- 
rounding an entire E-type colony. It was impossible to tell if the two types 
started to grow in conjunction with each other or whether it was a natural 
outcrop. Dilutions made from these outcrops always gave a great number 
of both E and S types. 

Attempt was made to differentiate serologically between E and S types ' 
of Phytomonas l)eticola,. The agglutination and precipitin tests were 
employed. 

The method followed in obtaining a high-titre serum was the same as in 
the previous discussion on agglutination test. The antigene was obtained 
by picking out either E or S type from dilution plates. The E antigene 
when suspended in saline solution had a tendency to clump and settle out, 
even after three washings. It, however, was used to inject rabbits. The 
S type remained in suspension without clumping. 

The resultant sera from animals injected with the S type showed an 
average titre of 3600. Sera homologous with the E-type antigene when 
tested with S antigene gave 1200 titre. It was found that an agglutination 
test with an E-type antigene was impossible, because of the spontaneous 
agglutination in various dilutions of salt solution and distilled water. For 
this reason, if serological differences exist betw^een E and S type they could 
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not be detected hy the ag’gintination test. It may be pointed out that, judg- 
ing from the titre of sera obtained with the S type and the R type used as 
an antigene, the degree of antigenic activity of the S type was much greater 
than that of the R type. In repeated tests in which the isolations of the 
S-t^^e and R-type organisms were from the same parent culture, the anti- 
sera from the S-injected animals were always much higher in titre than 
those of the R organisms; the agglutination test being made with the orig- 
inal parent culture as the antigene. A precipitin test was utilized to evalu- 
ate the sera homologous with the R type, following the method outlined by 
Sharp (8). The antigenes were obtained by growing the R and S forms in 
nutrient broth for 10 days, and the ordinary precipitin procedure was car- 
ried out with the clear filtrate (Table 13). 


TABLE 13 . — PrecipUin test in which hroth filtrates of P and S type of Phytomonas 
heticola ivere employed against an P-type antiserum 


Type of filtrate 

Amounts 

Eesults 

Filtrate 

Antiserum 

S 

1.0 ee. 

1.0 cc. 

4-hH- 

S 

.0 ce. 

.5 ce. 

++++ 

S 

.25 ee. 

.125 ee. 

4-H-f 

S 

.125 cc. 

.05 cc. 

4- 

GontroJa 

1.0 ee. 

1.0 cc. 


Control^ 

.5 ee. 

.5 ce. 

- 

E 

1.0 ee. 

1.0 cc. 

I 4444. 

E 

.5 ce. 

.5 ce. 

4444 

E 

.25 ee. 

.125 cc. 

-H- 

E 

.125 cc. 

.05 ce. 

4- 


Sterile "brotli filtrate. 


The test presented in table 13 shows that the bacterial proteins or pro- 
teins that cause the production of the precipitins are so closely related in 
R and S tjT)es that any serological differences could not be differentiated 
by this test. Similar results were obtained from 6-, 7-, and 8-day-old cul- 
tures used as antigenes. 

The Pathogenicity and Virulence of R and S Tigpes. The R- and S-type 
organisms used in plant inoculations were suspensions from 24-hour agar 
slants, which had been picked from dilution plates of the virulent strain 
No. 1-aa in the previously described test for constancy of type and v^hich 
had since been transferred daily. 

The sugar-heet plants inoculated were selected from a lot of the com- 
mercial variety Pioneer on the U. S. Department of Agriculture Field Lab- 
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oratory plots at Eocky Ford, Colorado. All beets were in good growing 
condition and were approximately of tke same size. The environnieiital 
conditions Avere uniform and favorable for disease development. 

The sugar-beet roots ^vere inoculated near the crown wdtli a hypodermic 
syringe. A clean sterile syringe and needle were used for each type of in- 
oculum. Irrigation water ^vas kept from the beets for three days^ then 
thorough irrigation was given. The withholding of water was a precaution 
against washing Phyiomonas heticola occurring naturally in the soil into 
the uncalloused wounds of the roots. Irrigation w^as necessary later to in- 
sure the rapid plant growth, so essential to the development of the disease. 
Keadings were made 60 days after inoculations. The actual number of 
infected beets (Table 14) was practically the same with both types. The 


TABLE 14. — Simmary of data on the ‘pathogenicity of JR aiid 8 types of Phytomonas 
heticola on commercial sugar heets 


Row 

No. 


Sugar beets 


Inopulum 

Number 

used 

Galled 

Not 

galled 

Remarks 

1 

S 

92 

60 

30 

Small galls 

2 

Check 

104 

5 

95 

a 

3 

R 

96 

65 

31 

Large galls 

4 

No. 1-aa (stock culture) 

98 

8 

89 

Old cultures 

5 

l-aa 

25 

24 

0 

24-hr. cultures 

6 

Check 

129 

3 

118 

b 


a Three of these (5) were plow -injured. 
^ Two of these (3) were plow-injured. 


results of this experiment showed that the forms are equally pathogenic. 
If the size of gall is taken as a criterion, then the E forms differ strongly 
ill effect on the host from the S forms. The difference in size of the over- 
growths was very marked and, without exception, roots inoculated with the 
E type showed much larger galls than those inoculated with the S type. 

Isolations from the galls arising from inoculations with either the E or 
S type gave both types on dilution plates, and subsequent inoculations of 
sugar beets with fresh isolation of the two types from plates made from 
galls of known origin show^ed gall formation irrespective of type or origin. 
No relation of colony type to pathogenicity was found. The findings of 
other workers on bacterial variations have indicated that the S types are 
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more virrilent, and eases are recorded wliere the R type is nonpatliogenic 
or attenuated. Sharp (8), ^vorking with Bacterium phaseoli sojense^ has 
found S types to be the more virulent to soybeans^ judgment being based on 
measurement of spot size. The majority of workers using animal patlio- 
genes have reported the S type as the more virulent. In a few cases ex- 
ceptions to this situation have been recorded for animal pathogenes. One 
hypothesis to account for bacterial variation assigns the observed phenome- 
non to association of characters. For example, Dible (2) has suggested 
that sorting out of characters takes place in bacteria in different phases of 
variation, and this results in certain associations such as smoothness and 
virulence. Exceptions may occur and he recognizes that a character which 
normally goes with one type of colony may become divorced and be asso- 
ciated with another. Following this suggestion, it would seem at first 
glance that Phytomonas l)eticola presents one of the exceptional cases. The 
sugar beet appears to be very susceptible to P. heticola and, due to the low 
resistance, it is possible that it is not a good host plant for determining dif- 
ferences in pathogenicit 3 \ The inoculation experiments herein reported 
show that once infection takes place and the organism becomes established 
the R type produces the larger galls. If we accept gall size as an index of 
virulenee, the R type could be considered the more virulent. The nature 
of overgrowth formation in the bacterial-pocket disease probably is one 
thing and the necrosis in the bacterial-spot disease another. Attempts to 
produce galls with filtrates have so far given negative results, and there is 
no evidence to indicate relationship of size of overgrowth to virulence. The 
fact that the R- and S-t^q^e cultures used in inoculation are not exclusively 
one type, as evidenced by platings both from the culture tubes and galls, 
makes it impossible to reach a definite conclusion. 

The situation as to bacterial variations in Phytomonas leticola, so far 
as is known, is as follows : 


Smooth Type {S) 

1. Colonies on agar plates smooth, glis- 

tening, and smooth in outline. 

2. Suspension stable in physiological salt 

solution. 

3. Motility, very marked. 

4. Orowth uniformly turbid in broth with 

slight settling out. 

5. Pathogenic to beets. 

Overgrowths small. 

0. Antigenic properties very strong. 


Tough Type [JR) 

1. Colonies on agar plates rough, cheesy 
consistency, and often irregular in 
outline. 

3. Agglutination takes place in physiolo- 
logical salt solution. 

3. Motility, very much reduced. 

4. G-rowth forms a heavy sediment in 

broth. 

5. Pathogenic to beets. 

Overgrowths larger' than those from 
S type. 

6. Antigenic properties not so strong as 

in S type. 
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Previous investig^ations (Link and Link (6), Sliarp (8), Brown (1), 
and others) have shown the existence of variation in bacterial plant patho- 
g’enes which parallels the situation reported for other bacterial species, 
chiefly animal pathogenes. In the work here reported, the type of colony, 
whether P or S, was a striking expression of the existence of variation in 
Phytomonas 'beticola. Morphological and physiological differences were 
found associated with the difference in colony type. Of these differences, 
the almost complete absence of motility in the P type may be mentioned. 
Differences in pathogenicity between the P and S types exist, hut conclu- 
sion as to the direction of the change cannot be made, since it is not known 
that the size of overgrowth produced is a measure of virulence. The anti- 
genic properties of the P type are less than those of the S type, but, with 
present technique, no serological independence can be determined. 

It is evident that variation in colony type and in reactions of an organ- 
ism may occur during the course of a series of tests, and in experimental 
work this possibility must be recognized. 

SUMMARY 

1. The bacterial-pocket disease of sugar beets caused by Phytomonas 
heticola has been found in several additional western locations and in a few 
fields a considerable percentage of the plants were affected. 

2. Comparative analyses of diseased beets and of normal beets show that 
the disease reduces the sugar percentage and the purity greatly. 

3. The bacterial-pocket disease has commonly not been distinguished in 
field work from crown gall and a comparison of the two diseases is given as 
an aid to ready field diagnosis. 

4. The organism enters the host through wounds, injuries from culti- 
vating implements and hail being common entrance points. 

5. The organism can overwinter in the overgrowths and as a free-living 
organism in the soil. In isolation of the organism from the soil, identifica- 
tion of suspects was made by the agglutination test and confirmed by inocu- 
lation tests with sugar and garden beets. 

6. Serological tests with a number of bacterial species have shown the 
agglutination reaction to be specific and sera of high titre have been useful 
in diagnosing suspects, if decision is based upon strongly positive agglu- ^ 
tiiiation reactions obtained in high dilutions. Two strains of Phytomonas! 
Ijeticola were serologically independent in their agglutination reactions 
therefore, negative results of agglutination tests are not to be interpreted 
as evidence of specific difference. 

7. A strain of Phytomonas heticola was found to exhibit dissociation \ 
which manifested itself by variability in colony type, corresponding to the * 
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Irougli and smooth types deserihed for other species of hacteria. Snbciih 
"tures of each tj^pe remained rather constant when 24-honr transfers were 
made, but 20-day-old cultures, originally of the S type, showed approxi- 
mately 41 per cent R-type colonies in repeated tests. Where the parent 
culture was of the S type, a very low" percentage (2 per cent average) of 
the colonies from 20-day-old cultures w"ere of the R type. 

8. The R-type cultures apparently had few^er antigenic properties than 
the S-type cultures. Reciprocal agglutination tests could not be made' 
because of the spontaneous clumping of the R-type organisms in salt solu- 
tion, but the R-type antiserum agglutinated the S-type culture. Thu 
R- and S-type antigenes, when used in a precipitin test with an R-type 
antiserum, gave identical results. Both forms are pathogenic to sugar 
beets, but the R-type cultures produced the largest overgrowths. It is con- 
cluded that Fliyioynonas heticola shows variation comparable to that re- 
corded for other hacteria and this should be taken into account in experi- 
mental work. 

Office op Sugar Plants, 

Bureau op Plant Industry, 

United States Department op Agriculture, 

Washington, D. C. 
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TAEGET BLOTCH OF SUGAE CANE" 

C.N.PRIODE2 

During tlie past 38 years since Van Breda de Haan (1) described and 
illustrated wbat is now known as the eye-spot disease of sugar cane, consid- 
erable attention has been given to the leaf spots caused by different species 
of the Helminthosporium fungi. Until recent years some confusion has 
surrounded these maladies, because they generally have been considered to 
be different stages of the same disease. 

Van Breda de Haan believed the eye-spot organism to be a species of 
Gercospora, and named it G. saccJiari. The descriptions and colored plates 
published by Lucassen and Went (6) in 1894, by Walker and Went (8)^ 
in 1898, and by Krugger (5) in 1899, however, show it to be a species of 
Helminthosporium and not a Cereospora. 

In 1913 Butler and Hafiz (2)*^ reported a leaf spot of sugar cane from 
India which they called ^^Helminthosporiose.^ ’ The fungus causing this 
disease they named Helminthosporium 5acc/iari and it resembled somewhat, 
in general appearance, the Gercospora saccliavi described by Van Breda de 
Haan as the organism causing the eye spot of sugar cane. The color of the 
spores, the spore measurements, and the descriptions and colored plates of 
the diseased specimens given by these two authors, however, show it to be 
a disease separate and distinct from the (7. sacchari of Van Breda de Haan. 

In 1927 Faris (4) described a new leaf spot of sugar cane in Cuba which 
he called brown stripe,^’ the name being suggested by the brown, straw- 
colored spots on the diseased leaves. This disease also is caused by a species 
of Helminthosporium, and, until the publication of Faris’ experiments, was 
believed to be identical with the sugar-cane eye spot. 

During the winter of 1927 what appeared to be an undescribed disease 
of sugar cane was observed on various plantations in Cuba. Isolation and 
inoculation experiments proved it to be a new disease caused by Helmin- 
thosporium, separate and distinct from any of those mentioned above. It 
had none of the characteristic symptoms of the eye spot, brown stripe, or 
Helminthosporiose, and did not readily attack some of the varieties 
known to be susceptible to these maladies. The incipient stages of 
the known diseases caused by Helminthosporium on sugar cane are very 

1 {Seieiitific Contributioiis No. 18, Tropical Plant Kesearcli Poiuidation. Prom tlie 
Cuba Sugar Club Experiment Station, Baragua, Province of Camaguey, Cuba. 

2 Patliologist, Cuba Sugar Club Experiment Station, Tropical Plant Eeseareh Poun- 
dation. 

3 See PI. ZXI, Pigs. 1-5. 

4 See PI. I, Pig. 3, and PI. VI, Pigs. 1-8. 
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mueli alike in tliat tlie infections appear as tiny red specks. Tliis simi- 
larity of tlie early stages of infection is largely responsible for the confu- 
sion which has surrounded the identity of the eye spot, brown stripe, and 
Helminthosporiose. The new disease has this same similarity in its 
early stages, infection appears as tiny, red specks where the fungus 
enters the leaf tissues. As the infection advances, however, characteristic 
symptoms are produced which readily distinguish it from the other diseases 
caused by Helmiiithosporium. Infection usually takes place on the leaf 
roll, resulting in large, necrotic blotches having irregular, concentric rings 
wliich roughly resemble a target board in appearance. Because of this 
resemblance the disease, in an earlier report by the writer (7), was named 
''target blotch. 

The purpose of this article is to give a more detailed description of the 
s^^mptoms and to report the results of some further experiments with the 
disease. 

SYMPTOMS OF THE TARGET BLOTCH OF SUGAR CANE 

The characteristic symptoms of target blotch are the zoiiate markings 
or irregular, concentric rings previously mentioned. These rings are 
always found on the rolled leaves in the leaf spindle, but the target-hoard 
effect is more pronounced after the leaf becomes detached from the leaf 
roll (Plate I, A). The number of rings produced on an infected leaf 
varies according to the severity of the infection and the susceptibility of 
the variety. In some cases only a few rings are formed before the leaf 
becomes separafed from the leaf roll, while in other cases there may be ten 
or more rings around one infection center. Usually these rings continue 
to form as long as the leaves remain in a tightly rolled condition in the leaf 
spindle but cease to develop when the leaf becomes separated from the leaf 
roll. Infection usually starts with the germination of a spore on the leaf 
roll. The germ tube enters the leaf tissues, and in a very short time a tiny 
water-soaked speck may be seen around the point of entrance. As the in- 
fection advances the water-soaked area first becomes red, then changes to 
brown as the spot enlarges. Usually there is very little indication of a halo 
aroiiiid the iiifeetecl areas, but the brown spots soon become surrounded by 
a mottled, red ring (Plate I, B). As the fungus advances into the healthy 
tissues this mottled ring becomes necrotic and turns brown, forming the 
first of a series of brown, straw-colored, concentric rings. As each successive 
ring is formed by the death of the infected tissues another mottled, red ring 
is produced by the further advance of the fungus into the surrounding 
healthy cells. This process of ring development continues until the leaves 
unfold and separate from the leaf roll. The infection does not appear to 
spread to any appreciable extent on the unrolled leaves. 
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The infected area sometimes covers the entire width of the leaf and the 
target-board appearance is very noticeable (Plate I, A, and Fig. 1). 



1. Infected plant showing typical target blotch on the open leaf. Notice the 
blotch on the young leaf roll to the left. 


The infection on the leaf roll is nsnally accompanied by a marked depres- 
sion over the diseased spot caused by the shrinking of the tissues as the 
diseased cells die (Plate I, B). Infection on the leaf roll usually pene- 
trates the successive layers, forming rings on all the young leaves in the roll. 
Sometimes the fungus penetrates two or more layers of the same rolled leaf 
and rings form at each point of penetration. "When such a leaf is fully 
separated from the leaf spindle it appears to have two or more original in- 
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fection centers, while in reality they all started from the same point of 
infection. Each spot becomes smaller toAvard the center of the leaf roll. 
This is shown very well in Plate I, D. Cases are sometimes seen Avhere 
several infection centers oeenr at different heights on the same leaf roll, as 
shown in plate I, B, and figure 2, A. 
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On tlie more susceptible Yarieties the fungms sometimes penetrates to 
the center of the leaf roll and extends down to tlie growing point, cansing 
the death of the whole plant top. Where such cases occur the leaves do 
not usually unroll but appear to be held together by a web-like mass of 
fungus mycelium. Spores are produced in large quantities on the old 
blotches. Numerous tiny red specks or spots can usually be seen on the 
young leaves below the old blotches. These result, apparently, from the 
germination of the spores that fall down from the old infections above 
(Plate I, C, and Fig. 2 , B). Sometimes several of these small spots grow 
together, forming a larger spot or blotch of irregular size and shape. No 
leaf -sheath or stalk infections have been observed but the fungus has been 
observed to attack the leaf midrib very readily (Plate I, A). In this re- 
spect target blotch differs from both eye spot and brown stripe, neither of 
which disease attacks the midrib very readily. 

ISOLATION OF THE ORGANISM 

The first attempts to isolate an organism from plants affected with tar- 
get blotch were made late in the winter of 1927. The usual method for 
making isolations was used. Pieces of diseased tissue w^ere surface steri- 
lized, planted in agar plates and incubated at room temperature. In 
nearly every instance a species of Helminthosporium was obtained which 
grew very rapidly in agar cultures. Plates planted with diseased pieces in 
the afternoons usually showed marked growth of fungus mycelium on the 
following mornings and typical Helminthosporium spores were produced 
within a short time. Inoculations from these spores on the leaves of vig- 
orously growing plants (no other plants were available at the time) pro- 
duced only tiny red specks very similar in appearance to the incipient 
stages of broAvn stripe and eye spot, but from these infections on older tis- 
sues no target blotches developed. 

Previous obseiwations having shown that the disease was most severe 
during the dry cool season and on the more mature canes, fui'ther work was 
suspended until the following December when the disease again made its 
appearance. At this time isolations were made by the same method as 
described above and again a Helminthosporium fungus was obtained in 
nearly every plate. Inoculations made by spraying the spores from some 
of these plates on the leaves of healthy plants produced typical target 
blotches, as were observed in the field. Pure cultures were obtained by 
single-spore isolations and inoculations from these also produced the typi- 
cal symptoms of the disease. Numerous isolations were made from these 
infected plants and what appeared to be the same Helminthosporium was 
obtained in nearly every instance. The fungus is comparatively easy to 
isolate and grows and fruits very readily in plate cultures. 




Pio. 3. A. Target-blotcli spores from a 5% cane-juice agar culture. x30D. 
B. Germinating coiiidia of target blotch. X 112. C. Peculiar bead-like proliferations 
on the hyphal strands of the target-blotch fungus. Note the size of these growths as 
eompared with the size of the spares. D. Pinger-like projections found on the outer 
edges of certain target-hloteh cultures. 
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Pure cultures can nearly alway^s be obtained by unrolling tlie outer lay- 
ers of a section of the diseased leaf roll and using the innermost tissues for 
plating material. Contanimatiiig organisms are seldom encountered when 
this method is used. 

DESCRIPTION OF THE ORGANISM 

The general appearance of the target-blotch fungus is not unlike that 
of the other Helminth osporium vSpecies. The color and shape of the conidia 
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on diseased material and on other media are typical of the Helmintho- 
sporiuin group and make easy the determination of the genus (Pig. 3, A). 
There are certain characteristics of this species, however, which distinguish 
it from the other species of the group. 

The color of the mycelium usually is a whitish gray, but in some cases 
it may grade into brown or black. The strands which go down into the 
leaf tissues and the submerged strands in the plate cultures usually are a 
distinct brown. In petri-dish cultures the fungus makes an irregular, cir- 
cular type of growth, spreading in all directions from the center. Concen- 
tric rings are produced on most media, although they may be almost in- 
discernible in certain cultures. These rings vary in width and number, 
according to the media used. On Czapek’s agar the growth is very rapid 
and the rings are wide and few in number, while on 10 per cent cane- juice 
agar the rate of mycelial growth is rather slow and the rings produced are 
narrow and more nnnierous. 

The mycelium has a distinctive branching habit, different branches 
often being connected by short mycelial strands. No swellings or other 
indications of a zygospore formation have been observed at these unions. 
Both the aerial and submerged portions of mycelium are numerously sep- 
tate with varying distances between the septae. 

There is also a wide variation in the relative widths of the individual 
strands, as some are very fine, while others appear coarse and fleshy. As 
a general rule the submerged portions are larger and more uniform in 
width than the aerial strands. This, probably, is clue to the tendency of 
the aerial portions to dry out and collapse. 

On the outer edge of certain cultures the submerged mycelia sometimes 
show^ numerous gnaiis or swellings. The ends of the liyphal strands are 
divided into a great number of short sections by numerous septae. These 
sivellings sometimes present peculiar, though interesting, formations in that 
the adjoining segments are of unequal shapes and sizes, some being consid- 
erably larger than the adjoining ones of the same strand. In some cases 
these formations consist of short strings of round, unequal-size, bead-like 
proliferations (Fig. 3, C). In other eases they are made np of finger-like 
projections of more nniform sizes and shapes (Fig. 3, D). From both of 
these peculiar types of mycelial proliferations, hyplial strands grow^ out in 
much the same w^ay as germ tubes grow out from germinating conidio- 
spores. These strands may arise from the terminal portions, from any in- 
termediate segment, or from both, as is often the case. Within a short 
time spores typical of Helminthosporium are produced in great quantities 
on these new hyplial developments. 

This peculiar mycelial growth has not been described as a growth 
characteristic of either the eye-spot or brown-stripe organism, nor is it com- 



48 


Phytopathology 


[VoL. 21 


parable witli the mycelial development of H. giganteiini, described and illus- 
trated by Drechsler (3). So far as the writer can determine, these pecu- 
liar growth characteristics have not been described for any other species of 

Helmintliosp orinm. 

There are eonsiderahle variations in the responses of the target-blotch 
fnngns to the changes of iiiedinm and light. The growth characteristics on 
the different agars used in these experiments are as follows: 

Gf'owth in Csapek\s Agar {Fig. 4, A). The mycelial growth on this 
medium is rather profuse and spreads rapidly over the agar surface. The 
aeihal growth is grayish white to brown, while the surface mycelium is.daidv 
brown to black. Concentric rings are vex^y pronounced, as shown in figure 
4, A. The conidia on this medium ai*e dai'k brown and usually of a granu- 
lar appearance. They are rather sparsely produced on the aerial mycelia 
but very numerous on the surface growth. 



Fi&. 4. A. Target-Tblotcli culture on Czaiiek's agar showing distinct ring forma- 
tion and considerable aerial growth. B. Culture on cornmeal agar, same age as cul- 
ture A. The eoneentric rings are distinct but the aerial growth is not so profuse as on 
the Czapek ’s agar. 

Growth in Corn-Meal Agar (Fig. 4, B). On this medium the mycelial 
growfli is rather sparse but spreads I'apidly from the center, forming dis- 
tinct concentric rings. There usually is very little aerial growth, the 
mycelium lying close to the agar surface. The color is a light gray to faint 
greenish brown. The conidia are light brown, produced rather sparsely in 
center of culture but more abundantly on outer portions, usually forming 
a black ring around the outer edges of the culture. 

Growth in 20% Cane-Juice Agar {Fig. 5, A). On this agar the 
mycelial growth is somewhat thin in center of culture but more profuse on 
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outer portions. Aerial growth is usually absent in the center but more 
prominent on the outer two-thirds of the culture. Concentric rings are 
usually produced, but in most cases are rather indistinct. Conidia are pro- 
duced scatteringly over wdiole of culture but are found most abundantly on 
the surface growth around the outer edges. Both the mycelia and conidia 
are light brown. 



Fib. 5. A. Target-blotch culture on 20% cane-juice agar. Concentric rings dis- 
cernible ill center of culture. Aerial myceliimi more profuse on the outer portion of 
the culture. B, Culture of target-blotch fungus on 10% cane-juice agar. Concentric 
rings are very faint in center of the culture, but somewhat plainer and more numerous 
on the outer portions. Outer edges somewhat ragged. C. Target-blotch culture on 5% 
cane-juice agar. Note the absence of concentric rings and the irregular, ragged ap- 
pearance of the outer edges of the culture. 

Growth in 10% Cane-Juice Agar {Fig. 5, B). The mycelial growth on 
this medium is less profuse than on either corn meal or 20% cane-juiee 
agar. The centers of the cultures usually are thin and lie close to the agar 
surface. Fringes of aerial mycelium, however, may be seen on the outer 
portions of cultures. Concentric rings usually are present but in most 
cases are somewhat indistinct except on the outer portions of the cultures. 
Conidia are produced abundantly over most of the culture area hut are 
more numerous on the outer portions. 

Groivth in 5% Cane- Juice Agar {Fig. 5, C). The type of growth on 
this medium differs markedly from that on the other agars. The rate of 
growth from the center is rather slow^ and the mycelium lies close to the 
agar surface. The color of the mycelium is gray to dark brown. Rings 
are faintly discernible in some cultures and absent in others. The myce- 
lium grows out from the center in all directions and forms a dark brown 
to densely black ring around the outer edge. This ring is caused by the 
production of numerous conidia on the peculiar liyphal proliferations previ- 
ously described. From different points on the outer edges of this black 
ring, single mycelial strands grow out a short way and begin to branch from 
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a certain point or from several points along their sides. As these little 
branching points or growth centers continue to spread, they appear to the 
unaided eye as little individual growths or cultures. Under the micro- 
scope, however, the single mycelial strand coniiecting them to the body of 
the main culture can be seen very plainly. The mycelial growth of these 
little centers is usually made up of gnarly proliferations similar to those 
observed around the edges of the main culture. As the mycelial growth 
continues to spread, these little growth centers are soon connected to the 
other part of the culture. Prom the outer edges of these new developments 
other strands grow out and start new growths. This method of spread 
gives the cultures a ragged and peculiar appearance, not observed on 
the other media used in these experiments. The type of growth is shown 
very plainly in figure 5, C. In a few cases the outer edges of cultures grow- 
ing in 10% cane-juice agar approached this type of growth hut this charac- 
teristic was not usually so pronounced as in the 5% cane-juice agar 
(Fig. 5, B). 

The influence of light on the growth of the target-blotch fungus is very 
pronounced. Figure 6 shows two single-spore isolations of the same age. 



Fig. 6. Two single-spore isolations of tlie target-blotch fungus. These culturcB 
were plated at the same time and on the same class of agar (5% cane juice). A. Grown 
in the photographic dark room from which all daylight was excluded.' E. Grown in the 
ordinary daylight of the laboratory. 

Ttese were taken from tlie same culture, plated on the same class of agar 
(5% eaue-iuice agar) and grown under tlie same conditions except that cul- 
ture A was kept in the photographic dark room from which all daylight 
was excluded, while culture B was grown in the ordinary daylight of tiie 
laboratory. It will be noted from this illustration that the exclusion of 
light greatly retarded the mycelial development, the size of the culture 
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grown in the dark being much less than that of the one grown in the light. 
The production of conidia, however, appears to be stimulated by the ab- 
sence of light. Spores are produced in innumerable quantities over the 
whole of culture A, while in B they are most abundant on the black por- 
tions around the edges of the culture. Cultures on other classes of media 
treated in the same way showed a marked ditference in the type of resultant 
growth. 

The conidia on the different media are very similar, differing slightly 
in size and density of color. They are typically light brown to dark brown, 
depending on the medinm on which they are grown. Spores taken from 
diseased cane leaves usually are light brown. 

Microscopic examinations of spores from target-blotcli, eye-spot, and 
brown-stripe cultures show the target-blotch conidia to have a color some- 
what darker than the eye-spot spores but considerably lighter than the 
conidia from the brown-stripe cultures. 

The shape of the target-blotch spores is typically slightly curved, tlie 
curve being more pronounced on one side due to the bulge of the spore. 
The thickest part usually is toward one end rather than in the center of 
the spore (Pig. 3, A), 

Germination is typically from the polar segments. The germ tubes 
usually begin branching very close to the end of the spores (Pig. 3, B). 
No instance has been observed where germination took place from the in- 
termediate segments. The germination of the spore and growth of the 
mycelium are very rapid. Under favorable conditions target-blotch spores 
will begin to germinate within two hours after they have been plated and 
after twelve hours will have made considerable mycelial growth. 

The- results from several hundred spore measurements show the average 
size of the target-blotch spores to be 15.4 jj x 76.2 p. According to Paris 
(4) the average measurements of the eye-spot and brown-stripe spores are 
12.7 jj X 69 [.i and 17 jj x 84 p, respectively. A comparison of these measure- 
ments shows that the target-blotch spores are larger than the eye-spot but 
smaller than the brown-stripe conidia. 

INOCULATION EXPERIMENTS 

The first inoculations from isolated material, as stated elsewhere in this 
report, were made on vigorously growing, young canes. These inoculations 
were made by spraying a suspension of the spores in distilled winter on 
leaves of the young plants wdtli a small atomizer. After about two days 
numerous small red specks were observed on the sprayed leaves. There 
were no indications of the characteristic rings or blotches of the disease. 
Results from later experiments suggested this to be due to the rapid growdh 
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of the young canes and to the high temperatures^ factors which are un- 
favorahle to the development of the fungus. No further work was done 
until December, 1928, when new inoculation experiments 'were started. 
Several plants of the C 760 variety \vere inoculated with spores from cul- 
tures of single-spore isolation. About twenty-four hours later numerous 
small red specks appeared on the unrolled leaves. Some of these spots 
grew together, forming larger spots or blotches but no target blotches 
developed. On the spindle rolls the infection appeared as small specks, 
similar to those on the unrolled leaves, but in a short time these small cen- 
ters of infection became larger and the affected tissues somewhat sunken. 
Mottled red rings deAmloped around the spots and, as the infection ad- 
vanced, these red mottled zones became necrotic and changed to a brown 
straw-color, forming the concentric or zonate rings previously described. 
On these plants, as on the infected plants observed in the field, the rings 
continued to form until the leaves became separated from the leaf roll. In 
most eases the fungus penetrated to the center of the leaf roll and rings 
were formed on all the leaves present in the spindle roll at the time. 

The fungus was reisolated from the infected plants and growm in pure 
cultures. Spores from these cultures Avere sprayed on the leaves of several 
plants of the following varieties: C 47; C 49; C 69; C 760; PE 560; 
PR 551; SC 12/4; Cristalina; PC 306; D 109; BH 10/12; and Badila. 
Other plants of these same varieties sprayed with distilled -water alone 
served as cheeks. After about two weeks target blotches were showing on 
all of these varieties except PC 306 and D 109. The checks remained 
healthy. The Cuban and Porto Rican seedlings appeared to be most sus- 
ceptible. On these varieties the typical target-blotch symptoms developed 
very readily, but only on the leaf rolls. The results from these and former 
experiments seemed to indicate that the concentric rings were formed only 
when infection took place on the leaf roll. To determine this, inoculations 
were made as follows; Several plants of the C 760 variety w^ere inoculated 
by spraying the spores on the open leaves only, care being taken to prevent 
any of the inoculum falling on the leaf rolls. Several other plants of the 
same variety were thoroughly sprayed on both the open leaves and the leaf 
rolls. Within a short time the incipient stages of the disease could he seen 
oil all the iiiociilated leaves of both sets of plants, but the uiiinoculated 
spindles of the first set remained free of infection, xibout ten days later 
fjpical taiget blotches developed on the inoculated spindles of the second 
set of plants but the spindles of the first set continued free of the disease. 
No rings formed from any of the inoculations on the unrolled leaves. The 
results from these and similar experiments performed later show definitely 
that the rings develop only when infection takes place on tlie leaf roll. The 
fling iis appaientH cannot spread in the tissues of the open leaves. 
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edges of the diseased spots between the leaf surfaces and sends liaiistoria 
into the healthy cells. As these cells become infected, a mottled red ring 
is formed which later becomes necrotic and brown. The liyphae of the 
mycelium then spread across this necrotic ring and send liaiistoria into the 
surrounding healthy cells with the subsequent formation of another brown 
ring. This process of ring development eoiitiniies as long as the leaves 
remain in the leaf spindle, hut ceases when the leaves unroll due to the dry- 
ing out and collapsing of the mycelial strands on becoming exposed. 

In order to obtain infection under more uniform conditions inoculations 
were made on plants grown in tall glass cylinders or jars under strictly 
aseptic conditions. This method of growing and inoculating plants was 
worked out by Paris (4) and used in his experiments with the eye-spot and 
brown-stripe diseases. The method is described as follows: the tall glass 
cylinders were filled to a height of three or four inches ivith clean sand 
moistened with a culture solution suitable for the growth of the cane. The 
jars were stoppered with cotton plugs, the tops wrapped with wrapping 
paper, and the whole sterilized in a large autoclave at 25 lbs. steam pressure 
for five hours. The jars were then brought to the laboratoiy and planted 
ivitli single-eye seed pieces of the variety C 760, the seed pieces having first 
been sterilized for 15 minutes in a 1: lOOO solution of mercuric chloride. 
They were covered with sand from smaller cylinders, sterilized along with 
the larger cylinders. IVlien the cane germinated and had reached a height 
of six to eight inches they ivere sprayed with a spore suspension from a 
single-spore isolation of the fungus. In a short time the leaves of the young 
plants were thickly covered ivith small red spots and typical target blotches 
soon developed on several of the young leaf rolls. Two of the jars with the 
infected plants are shewn in figure 7. The infections produced under tliese 
aseptic conditions w^ere free from contaminations of any kind and proved 
definitely that target blotch is caused by the Helminthosporiiim fungus. 

DISTRIBUTION AND SEASONAL OCCURRENCE 

Target blotch wms first observed in 1927 on the experiment plots at Cen- 
tral Baragiia. Since that time it has been observed at Central Pilar, 
Central Jatibonico, Central Jagueyal, and Central Cannita, and probably 
occurs elsewdiere in the island. During the fall and winter of 1927 and 
1928 it was found to be. rather prevalent on most of the varieties at this 
station. Some of these varieties ivere severely attacked, wdiile others w^ere 
oiity lightly infected. Usually the spots or blotches are found in the local- 
ity of Central Baragiia about the lOth to 15th of December. As the dry, 
cool weather continues the attacks of the fiingns become more severe and 
wddespreacl. The cool, dry w^eather and the sloiv-growing canes at this time 
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of the year seem to favor the development and spread of the disease. With 
the coming of the warm, wet weather in the spring the disease gradually 
disappears except, perhaps, wdiere the old blotches from earlier infections 
may still be seen. 

VARIETAL SUSCEPTIBILITY TO TARGET BLOTCH 

Observations during* the past two years show that very few of the varie- 
ties in the varietal test plots at this station are immune from target blotch. 
Some of these varieties are highly resistant and sIioav very little effect from 
the disease, while others are rather severel^^ attacked. On the resistant 
varieties only a f ew^ target blotches may be seen, infection for the most part 
showing as very small red spots on the unrolled leaves. The susceptible 
varieties, however, usually show numerous blotches and in a great many 
cases the tops are killed. Certain of the Cuban and Porto Rican seedling 
canes are most susceptible but fortunately these canes are not now being 
grown commercially in Cuba. The newdy-introduced POT varieties, POJ 
2883, POJ 2878, POJ 2727, POJ 2725, POJ 2722, POJ 2714, and POJ 36, 
and CO 281, CO 213, and PI 109 are highly resistant to the disease. No 
typical target blotches have been observed on any of these varieties. Cris- 
talina, Santa Cruz 12/4, and BH 10/12 become infected very readily but 
usually with slight resulting damage. 

The following table gives the relative susceptibility of cane varieties to 
target blotch as observed on the varietal test plots at this station cliiring the 
past two winters. 

It will be noted from the above table that a great many varieties of 
sugar cane are susceptible to the attacks of the target-blotch fungus. This 
table, how’^ever, is by no means complete, for there are many varieties which 
we have had no opportunity to observe in connection with the disease. 
Only those susceptible varieties, now being growui on the variety test plots 
at this station, are listed in the above table. Several of the varieties which 
now appear to be highly resistant to the disease might, under varying con- 
ditions, prove more susceptible if observed over a longer period of time. 
The losses from target blotch on these susceptible varieties iisually are small’ 
due to the fact that the conditions most faA^orable for the development and 
attacks of the fungus do not develop until the canes are well on toward 
maturity. However, under favorable conditions and on new and perhaps 
more susceptible varieties, that find their way into the island from time to 
time, the disease might prove to be more destructive. It therefore is very 
important that all new varieties be rigidlj^ tested for their snseeptibility to 
this and other diseases before they are distributed as field canes. 
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TABLE 1 . — Helative suseeptiVdity of cane varieties io target l)lotch 


1. Varieties severely attacked and on which, several typical target blotches usually 
occur. Infection sometimes results in the death of the entire leaf roll. 


0 760 


c 

145 

C 28 

PR 724 

PR 545 

C 228 


G 

33 

C 14 

PE 551 

HE 45 

Varieties on 

wliieli 

several blotches were observed but whose 

tops usually were not 

killed. 







G 350 


C 

31 

PR 561 


SC 13/4 

C 251 


C 

30 

PR 540 


BH 10/12 

G 69 


PR 

719 

PR 493 


B 1809 

G 40 


PR 

700 

Gristalina 

Yellow Bamboo 

Varieties on 

which only 

' a few 

cases of infection were observed. 

C 45 


C 

24 C 

14 

PE 449 

C 34 


G 

23 PR 543 

PE 417 

C 2' 

7 


C 

20 PR 460 

PE 260 

A^arieties on 

which 

L infection 

is usually veiy mild. Only a 

few typical blotches 

observed. 







C 588 

C 

67 


C 47 PR 

707 

B 67 

C 576 

c 

63 


C 46 PR 

704 

HVE 6307 

C 502 

c 

62 


G 45 PR 

701 

HVR 6159 

C 491 

c 

61 


C 44 PR 

700 

HVE 5039 

C 483 

c 

60 


C 43 PR 

443 

HVE 4124 

C 338 

€ 

59 


C 42 PR 

409 

Badila 

G 291 

c 

56 


C 17 PR 

329 

Negrita 

G 220 

c 

55 


PR 724 PR 

260 

Yel. Caledonia 

G 145 

c 

54 


PR 719 PR 

209 

Baraguti 2 

D 74 

G 

50 


PR 712 B 

3412 

BSE 1248 

D 108 

c 

49 


PR 709 B 

1753 






B 

306 



SUMMARY 

1. The symptoms of target blotch are described and illustrated. 

2. Isolation and inoculation experiments proved the causal organism to be 

a species of Helmintliosporium. The identity of the species, how- 
ever, has not as yet been determined. 

3. The growth characteristics of the fungus in plate cultures are described 

and illustrated. The mycelial development on certain media pre- 
sents some very interesting studies. 

4. The attacks of the fungus are most severe on the more mature canes dur- 

ing the winter season. 

5. Many varieties of cane are shown to be susceptible to the attacks of tlie 

fungus. 
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EXPLANATION OP PLATE 1 

A. A typical target blotch on sugar-cane leaf showing numerous concentric rings. 

B. Early stages of target-blotch infection on a leaf roll of sugar cane ahoiring the 
mottled red rings surrounding the diseased spots and the shrunken condition of the 
infected tissues. 

C. Small infection centers of target blotch on an unrolled leaf of sugar cane. These 
little infection centers do not enlarge on the unrolled leaves. 

B. A seetloii of a young leaf of sugar cane unrolled to show the penetration of the 
fungus through the successive layers of the rolled leaf. 

E. Inked-in photographs of target-hlotch spores, x 400. 






















SUGAE-BEET YELLOWS CAUSED BY FUSAKIUM 
CONGLUTINANS VAR. BETAE 

B E w E Y Stewart 

An nnreported disease of sugar-beet roots has been found to occur in 
Colorado, especially in the southeastern portion, commonly known as the 
Arkansas Valley. The disease may have been overlooked or previously 
assumed to be a peculiar manifestation of root rot due to one of the organ- 
isms known to be involved in that disease complex. The symptoms of this 
disease are very distinct, however, and should not have been confused wdth 
other diseases of beets. Furthermore, the causal organism as well as the 
symptoms of the disease has not been described, so it seems probable that 
a new^ disease of sugar beets has appeared whose present and potential im- 
portance warrant a report. 

The name yello^vs, which fairly well describes the striking appearance 
of the diseased plants and which has been used for similar diseases of cab- 
bage and celery, is applied to this disease. 

SYMPTOMS 

Leaf Symptoms. The most characteristic leaf symptom is a yellowing 
of the mature leaves which gradually appears on the younger ones (Fig. 1). 
As the disease progresses the heart leaves generally show distortions in the 
form of an inrolling of the edges and a twisting of the apex to one side 
(Fig. 2). Leaves showing these distortions lose their pliable texture and 
appear brittle when grasped in one’s hand. Wilting apparently does not 
occur in large plants under natural conditions ; how^ever, wilting frequently 
occurs Avitli little or no yellowing of the leaves when greenhouse plants are 
inoculated. 

The first symptom presented by large leaves is a yellowing of the portion 
of the leaf blade between the large veins. Within a few days the entire 
leaf takes on a yellowish to gray color, except the large veins and a narrow 
border of leaf mesophyll which may remain green. Shortly, the large veins 
and petioles die and the dead or dying leaves become heaped around the 
crown of the diseased plant (Fig. 3). 

Boot Symptoms. Roots of plants with yellows present almost no exter- 
nal indications of a disease,- however, if the root is cut across, the grayish 
to browm discoloration and rot of the vascular system are evident. The 
vascular tissue of beet roots occurs in concentric rings (Fig. 1). In most 
cases only a portion, consisting of one or more rings, of the vaseular tissue 
on one side of the root is involved, which explains the frequent occurrence 
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Tig. L Sugar beet affected -with yello-ws Qa.usedhj Fusarium coyighitwmij^ xiw, hriar.. 
Early stage showing color change in the larger leaves accompanying the vascular invasion 
and dry rot of the root. Insert B shows a portion of diseased root in which the vascular 
involvenient is pronounced. 

of itLcliYi duals whose leawes on one side show jrellowing and, even, distor- 
tions, while leaves on the other appear healthy. Eventually all the leaveKS 
of an afeeted plant show symptoms of disease, as the organism spreads 
laterally, involving other parts of the root. 





Fig. 2- Normal sugar beets contrasted with those affected with yellow^s; A, Early- 
season aspect (diseased plant at right). B, Late-season aspect of the disease showing 
the diseased plant (left) ndth only one or two of the mature leaves alive and the heart 
leaves furled and distorted. 


By gradually cutting away a diseased root from crown to tip the path 
of the fungus inTasion can often be traced to the starting-point in a lateral 
root, usually located 5-8 inches below the surface of the ground. It would 
seem that the pathogens gains entrance through small lateral roots rather 
than wounds, and the occurrence of the initial infection at certain depths 
is thought to he related to the prevalence of lateral roots rather than to a 
restricted location of the fnngus in the soil. 




S'lG. 3. Sugar beets in late stages of yellows: A, Older leaves dead and the leaves of the 
inner whorls distorted. B, Older leaves dead, growth of 
heart leaves completely checked. 
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Seedling Symptoms. Tlie symptoms manifested loy seedlings with yel- 
lows nia 3 ^ be a typical wilt in which the leaves and cotyledons become flac- 
cid, curled, and dry without ever showing a yellow color. In larger seed- 
lings the leaves may become yellow, duplicating the leaf symptoms of 
large plants in the field. In most cases after the cotyledons and leaves 
are diseased the stem remains upright with no apparent injury,* hoivever, 
if the stem is broken the vascular system shows a grayish to brown color. 
The tendency for the diseased seedling to remain upright, as well as the 
general absence of external decay, usually distinguishes this disease from 
ordinary damping ofi. 

IMPORTANCE 

The value of beet roots is determined by the weight and the percentage 
of sugar they contain. Beets low^ in sugar are discriminated against, due 
to problems they present during the processes of beet-sugar fabrication, 
and some companies reserve the right to reject beets testing less than 12 per 
cent sucrose. This disease has been found to produce a marked effect on 
the sugar percentage and a depressing effect on the weight of roots. 

Analyses were made of healthy and diseased roots in order to determine 
the influence of this disease upon weight and percentage of sucrose. At the 
time of collecting the diseased plants, the healthy one growing next along 
the row, which was produced under similar conditions except for disease, 
was taken for comparison. Table 1 gives in summary form the results of 
the determinations from 15 beets of each class. 

From these data it is evident that the percentage of sucrose is reduced 
in the diseased plants even from the first indication of disease. The greater 
reduction in percentage of sugar is found in the individuals showing the 
more advanced stages of disease. The diseased roots, judging from the 
determinations at harvest, show a significant reduction in weight. 

Since sugar beets are susceptible to the pathogene from seedling stage 
to maturity a loss of plants occurs throughout the season in infested fields. 
The total loss of individuals in a particular field due to this disease has not 
been determined, yet as many as 1 per cent of the plants have been found 
diseased at the time of making a survey. Probably more important than 
the present-day losses is the fact that beet yellow’s belongs to that increasing 
group of plant diseases having as their causal agent some species of the 
genus Fusarium, all of which are very difficult to control. 

ETIOLOGY^ 

The fungus causing beet yellows belongs to the genus Fusarium ; how- 
ever, complete sporulation, which wmuld enable one to compare it with 

1 Tli 0 etiological studies were made while the writer was a graduate student at 
Cornell University and he wishes to express his appreciation for the facilities of the 
Department of Plant Pathology. 
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known species of tke genus or establish a new species, has not been obtained. 
The fungus resembles Fusariiini conghiiinans Wollw. more than other 
Fusaria and is provisionally placed as a variety of this species. On the 
basis of its morphological and physiological characters the organism has 
been named F. conghiiinans var. heiae. 

Isolation of the organism from affected tissue can readily be accom- 
plished, but, since a sugar-beet root offers an excellent substratum to most 
soil fungi, after its natural resistance is once broken down, precaution must 
be taken to make sure that only recently invaded tissue is used. In order 
to make more certain of having the proper disease, when first attempting to 
isolate the pathogene, only plants showing marked symptoms were used. 
This material for the most part gave cultures of Fusaria. The prevailing 
type of culture was characterized by a peculiar cottony white mycelium and 
its failure to produce a pigment on glucose agar. In a few isolations 
the Fusarium obtained produced various shades of red pigment. These 
undoubtedly were secondary invaders, since later inoculations failed to pro- 
duce disease. 

The association of this particular organism was further demonstrated 
when isolations were made from plants showing the first symptoms of dis- 
ease. The bit of tissue plated w’-as always taken from the region separating 
diseased and healthy portions of the root. The results of isolations made 
from 103 plants in this manner are given in table 2. 


TABLE 2 . — Organisms isolated from roots of sugar leets with yellows 


Location 

Date 

1927 

No. roots 

No. roots with 
Fusarium 
con glut inans 
var. hetae 

Other 

organisms 

Manzanola, Colorado 

June 26 

7 

7 

0 

Rocky Eord, Colorado 

July 8 

50 

33 

5 bacteria 

12 no growth 

Rocky Ford, Colorado 

Aug. 12 

21 

20 

1 Ehizoetonia 

Rocky Ford, Colorado 

Aug. 23 

25 

23 

2 no growth 


Total 

103 

83 



Thus, from 103 plants with yellows, there was found associated a par- 
ticular type of Fusarium in 80 per cent of the roots. If the instances of 
^^no growth” are accounted for as excessive sterilization of the piece of 
tissue and the bacterial growths as contaminations, there remains only one 
failure to secure Fiisariimi congluiinans var. loeiae from plants in the early 
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stages of tills disease. Since species of Ehizoctoiiia are commonly associ- 
ated witli root rots of sugar beets the one isolated is undoubtedly a secon- 
dary pathogene or the early symptoms of yellows may have been confused 
with the disease produced by this Rhizoetonia. 

The pathogenicity of F. congluiinans var. hetae was demonstrated by 
the following method. Healthy sugar-beet plants about 6 weeks old grow- 
ing in small pots were transferred, with the adhering dirt, to a larger pot 
of sterilized soil. Some of the pots 'were inoculated with F. conglutmans 
var. hetae and within three weeks typical symptoms of beet yellows ap- 
peared, wdiile the plants transferred to soil without the organism remained 
healthy. Tissue platings were made from the small lateral roots as well as 
the vascular tissue of the main root of these diseased plants and in every 
case a Pusarium similar to F. conglutmans var. hetae was obtained. 

CLASSIFICATION 

The Pusarium causing sugar-beet yellows has been grown on many kinds 
of cultural media, such as stems of sweet clover, red clover, alfalfa, tomato, 
and alnus, beet petioles, beet and potato plugs, as well as synthetic and 
vegetable-decoction agars, at temperatures varying from 3° to 33° C. and 
hydrogen-ion concentration varying from pH 3.7 to pH 9.2, but in no case 
have maeroeonidia been produced. The outstanding cultural character of 
the organism is the absence of pigment on steamed rice, which is character- 
istic of relatively few species of Fiisaria. Wollemveber^- used the absence 
of pigment on steamed rice as a basis for separating Fusarium conglntinans 
■Wollw. from F. ortlioceras Appel and Wollw. F. orthoceras is a soil sapro- 
ph}d;e or a weak parasite, while the orthoceras-conglutinans group contains 
important pathogenes, such as the aster-wilt^ organism and the pea-wilt 
organism recently reported by Linford.^ 

Cultures of the organism causing beet yellows were submitted to C. D. 
Slierbakoff but, he being unable to obtain maeroeonidia, stated ‘'that super- 
ficially it resembles F. congluiinans more than other Pusaria.’^ He 
pointed out, however, "certain peculiarities by which it apparently differs 
from F . conghdmans or F. eonglutinans var. callistephi; namely, it pro- 
duces extremely fine ultimate hyphae which often grow in rather charac- 
teristic curves also differs from them in the ehlamydospores which in your 
Pusarium are often observed in fairly long intercalary chains.’^ 

iWollenweber, H. W. Pilzparasitare Welkekraiiklieiteii ier Kulturpflarizen Ber 
d. Deut. bot. Ges. 31; 17-34. 1913. 

2Beacli, W. S. Tke Fusarium wilt of China aster. Ept. Mieli. Acad Sci 20- 281- 
308. 1918. 

^ Linford, M. B. A Pusarium wilt of peas in Wisconsin. Wis. Affr. Exn 8ta 
Res. Bill. 85. 1928. ’ " ’ 
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Cultures of F%isarhim congluiinans and F. congliiMna7is var. callistepM 
were secured from G. H. Coons, formerly of the Micliig*an State College, as 
well as J. C. Gilman, Iowa State College. These Fusaria along with the 
one from sugar beet were used to inoculate pots of sterilized soil. The pots 
were inoculated with a single organism and then equal portions planted to 
sugar beets, cabbage, and asters. In every ease disease occumed only in 
the species of plants from which the organism was originally secured. The 
inability of the sugar-beet Fusarium to produce disease in cabbage or aster 
was further demonstrated by inserting the organism into steins of plants, 
and no indication of a disease resulted. Likewise, beet roots were inocu- 
lated with F. congluiinans and F. congluiinans var. callisiepJii without the 
production of disease symptoms. 

These tests show that F. congluiinans var. hetae is distinct from F. con- 
gluiinans or F, congluiinans var. callisiepJii in pathogenicity. 

Technical Ueseription. — Fusarium conglutinans var. betae, iiov. var. 

The microconidia are hyaline or grayish in mass, 2-3 p, wide and 7-12 |x long ; con- 
tinuous except for an occasional septate spore in old cultures,* straight to slightly curved. 
The chlainydospores are globose to ovoid and may be terminal or intercalary, the latter 
are generally produced in long chains. The mycelinm is cottony white with aerial growth 
abundant. Its most striking cultural characteristic is the absence of pigment produc- 
tion on steamed rice. Pathogenic to sugar beets, producing disease called yellows. 
Pound ill commercial beet fields in Colorado. 

PHYSIOLOGY 

Growth on Media. The organism will grow on almost any vegetative 
substrate or agar of common formula; however, the abundance of mycelium 
produced depends upon the amount of soluble carbohydrates present. 

Temperature — p.H'. The influence of temperature and reaction of the 
medium on the growth of Fusarium congluimans var. hetae were deter- 

TABLE 3 . — Growth of Fusariiim congluiinans var. hetae agar at different pH and 

temperature 

Temperature °C. 



3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

pH 

Growth in cm. 

3.7 

0 

D 

+ 

0.9 

1.2 

2.7 

3.1 

3.9 

3.9 

2.0 

1.0 

4.7 

0 

0 

-t- 

1.4 

2 2 

3.5 

4.2 

5.6 

5.7 

3.2 

2.0 

5.8 

0 

0 

4 

1.8 

2.7 

4.2 

4.8 

5.8 

5.9 

3.6 

2.0 

7.0 

0 

0 

■f 

1.5 

2.4 

3.5 

4.5 

5.5 

5.5 

2.7 

1.5 

8.6 

0 

0 

+ 

1.2 

2.0 

3.1 

3.5 

4.4 

4.5 

2.2 

1.3 

9.2 

0 

0 

+ 

0.7 

1.1 

2.2 

2.8 

3.4 

3.5 

1.8 

0.3 
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mined by growing tlie fungus on potato-dextrose agar. Enoiigli agar for 
the entire experiment was prepared in one batch and adjusted to the 
desired pH as it cooled after sterilization. The agar plates were inoculated 
by taking small squares from a plate culture previously prepared. The rate 
of growth was deterniined by measuring the diameter of colonies produced 
during a period of 5 days. The values given in table 3 represent the aver- 
age diameter of growth recorded from three cultures. 

The optimum temperature for growth of this fungus on potato-dextrose 
agar was found to be 24-27° C. (Fig. 4), while the optimum reaction of the 
agar was on the acid side of the neutral point. The influence of the reaction 
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of tlie substratuin is of interest, since most soils wliere tlie disease lias been 
found are neutral to alkaline in reaction, 

VIRULENCE OF THE PATHOGENS 

The amount of disease produced in seedlings by Fiisarntm conglutinans 
var. tetae was compared with Coriicium vagum B. and C. [BMzocionia 
solani Kuhn) and Pyihium deha/ryamim Hesse. The soil, a sandy loam, 
was sterilized by steaming under 15 pounds pressure for 4 hours. The 
organisms were grown in large quantities on sterile wheat kernels and 
transferred to the soil about a week before planting the seed. The seed 
balls were pasteurized at 60° F. for 10 minutes on three consecutive days to 
eliminate seed-borne organisms. Fifty seed balls were planted to a 5 -inch 
pot. The seedling counts given in table 4 represent a 14-day period after 
the plants began to emerge. 

Isolations were made from one or more diseased seedlings from day to 
day and in every case only the organism with which the soil had been 
inoculated was obtained. 

The conditions of this test were very favorable for the production of 
seedling disease, as demonstrated by the failure of a single seedling to get 


TABLE 4 . — Disease produced in seedlings 'by certain soil-inhaliting pathogeiies of 

sugar "beets 



Pot 

Plants emerging 

Amount of disease 

Total 

Plants per 
seed ball 

No. plants 

Per cent 

Check 

A 

62 

1.24 

0 

0 


B 

71 

1.42 

0 

0 


0 

66 

i 1.32 

0 

0 


D 

70 

i 1.40 

0 

0 



67.25 

1.345 



Fvsarinni congIutLna?is 

A 

60 

1.20 

49 

81.7 

var. betae 

B 

72 

1.44 

56 

77.8 


C 

59 

1.18 

46 

7S.0 


H 

73 

1.46 

61 

83.6 


'66 

1.320 


80.3 

Dythiim deb aryanum 

A 

5 

.10 

5 

lOO 

B 

18 

.36 

18 

100 


C 

11 

.22 

11 

100 


D 

10 

.20 

10 

100.0 



11 

.22 



Bliwoctonia solani 

A 

0 

0 

0 

0 


B 

0 

0 

0 

0 


C 

0 

0 

0 

0 


D 

0 

0 

0 

0 
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^bove the surface in the soil inoculated with Bhizocionia solani. The 
organism was readily isolated from the seed balls. In the case of PyiJinim 
clehm^yamim a few seedlings emerged but they were all diseased before the 
-end of the 14-day period. It is interesting to note that the total of plants 
emerging in the soil inoculated with Fusarium conglictinans var. hetae was 
Yery similar to that in the sterilized soil; however, within 14 days 80 per 
cent of the plants had become diseased. Prom these data it is evident that 
F, eonglutinans var. 'betae can be classed as a virulent pathogene of sugar 
beets but a slower-acting organism than B. solani or Pythnim deiaryammi. 

Plants affected. The organism causing beet yellows is known to produce 
disease only in beets. It has occurred in fields used for variety testing but 
not in sufficient amounts to enable one to ascertain varietal differences in 
susceptibility. Various crop plants, such as lima beans, string beans, can- 
taloupes, cucuinbers, alfalfa, cabbage, and asters, grown in the region where 
the disease is known to occur, were planted in infested soil or inoculated by 
inserting the organism into the stems of plants ; however, none of the plants 
so treated became diseased. 

SUMMARY 

A iiev^ disease of sugar beets has been found to occur in the beet fields 
of Colorado, which is characterized by the production of a yellowing of the 
leaves and a gray dry rot of the vascular system of the roots. 

It is important due to the marked reduction in the percentage of sugar 
and w^eight in the diseased plants as well as the loss of individuals during 
the summer. 

The pathogene appeal’s to be new to literature and is here provisionally 
named Fiisarium eonglutinans var. betae. 

The optimum temperature for growth of the pathogene on potato- 
dextrose agar was found to be 2^27° C. The greatest growth occurred at 
pH 5.8 of the hydrogen-ion concentrations used. 

The pathogene can be classified as a virulent one on seedlings, but its 
lethal effect is delayed as compared with that of Bhizocionia solmi or 
Pytliiiim debaryanum. 

Office of Sugar Plants, 

Bureau of Plant Industry, 

IT. S. Department of Agriculture, 



ALFALFA DWARF, A HITHERTO XJNREPORTED DISEASE' 


J. L. Weimers 
INTRODUCTION 

For the last few years alfalfa growers in Calfornia, like those in many 
other States, have experienced difficulty in maintaining their stands of 
alfalfa for a satisfactory period of years. This fact was brought to the 
writer ^s attention in 1927 by B. A. Madson of the University of California. 
A study of diseased alfalfa roots sent by Professor Madson to P. B. Jones 
.and the writer led to the conclusion that the trouble in some paids of Cali- 
fornia was due to the bacterial wait caused by Tliyiomonas insidiosa 
(MeC.) Bergey et al. However, diseased plants from other parts of the 
State, although exhibiting somewhat similar symptoms, did not appear 
to have the wilt bacteria present. Aside from difficulties primarily due to 
cultural and soil factors, which it is not the purpose of this paper to dis- 
cuss, further study by the writer has shown that, the shortening of the life 
■of the alfalfa stands in California can be attributed to tw^o causes. 
Throughout the San Joaquin Valley, at least from Bakersfield to Modesto, 
bacterial wilt is largely responsible for the premature depletion of the 
alfalfa stands. This disease has been reported also from the Sacramento 
Valley. On the other hand, wilt is rarely found south of the Tehachapi 
Mountains, but another disease possessing some of the characteristics of 
wait is very prevalent and destructive there. It is the purpose of this 
paper to give a brief preliminary report on this latter disease, which, so 
far as the wuiter is aw^are, has not been described hitherto. 

THE DISEASE 

Name. Plants affected wdth the disease under discussion gradually 
become smaller until they finally succumb wdthout presenting any other 
striking top symptom; hence the name '‘alfalfa dwarf is suggested. To 
the writer’s knowledge the only name that has been applied to this trouble 
by growers is "little leaf.” How^ever, since the stems also become short 
and slender the name "dwurf” seems more descriptive of the symptoms. 

History and Geographic Distribution. When or where the disease 
originated is not knowai. Many farmers state that until about 10 or 12 

1 Cooperative investigations between the California Agricultural Experiment Station 
and the Office of Forage Crops and Diseases, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. 

2 Senior Pathologist, Office of Forage Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture. 
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years ago they had no difSeulty in maintaining satisfactory stands of 

alfalfa for 8 to 10 years or longer, whereas at the present time a stand is 
seldom worth maiiitainiiig for more than 3 years in sections where the 
disease is most destructive. 

In a discussion of the status of alfalfa in the Riverside area, Nelson and 
associates^ state that the yields of alfalfa on sandy land freqnently begin 
to decline somewhat after the fourth year and that the crop often becomes 
unprofitable after the seventh or eighth year. Since no mention is made 
of a deeline of yields on the heavier soils, it seems quite probable that no 
general trouble such as exists at the present time was being experienced 
then (1915), A snrvey of the alfalfa sections of southern California, 
made hy B. A. Madson during the summer of 1927, showed that at that 
time the stands remained productive for only two to four years.^ 

No evidence of the existence of this disease outside of southern Cali- 
fornia is at hand. However, no extensive snrvey has been made to de- 
termine the limits of its distribution. 

Econoynic Importance. Present information indicates that the dwarf 
disease is largely responsible for the short-lived stands of alfalfa in 
southern California. In some sections the disease limits the life of the 
stand to two years, while in others a satisfactory crop is harvested for a 
period of four years or longer. Certain regions, snch as the Mojave 
Desert section of San Bernardino County, the Hemet Valley, and a few 
other places, suffer little or not at all from the disease. In some of these 
sections the disease seems very limited in its distribution, while in others 
it is widespread but apparently held in check largely by cultural 
conditions. 

The disease not only shortens the life of the stand hut cuts down the 
yield materially, especially during the latter part of the last year of the 
stand. Fields have been seen in which nearly every plant was affected, 
the stand and the yield being greatly reduced. No doubt this disease 
causes a loss of thousands of dollars annually. 

The disease may be distributed more or less uniformly in the field, or 
it may be limited to certain patches. The latter is more commonly the 
ease, at least in the early stages. Most frequently it appears first along 
irrigation ditches or where the soil moisture is highest and spreads from 
these areas until most or all of the field is involved. 

Symptoms. The earliest stages of alfalfa dwarf can not he detected 
by the aboveground symptoms, since the disease is already well advanced 

3 Nelson-, J. W., R. L. Penole^con, J. E. Bunn, A. T, Strahorn, and E. B. Wat- 
son. Soil survey op the Eiversibe area, California. XJ. S. Dept. Agr., Bur. Soils 
Field Oper. 1915 (Ept. 17.) : 2367-2450. 1919. 

^ Merrill, E. B. Eeport of the director op the agricultural experiment sta- 
tion. Calif. Agr. Exp. Sta. Ann. Ept. 1926 /27. 1927. 
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111 tlie root before it becomes evident in tbe top. The first signs of the dis- 
ease ill the tops^ are a shortening of the stems and a slight reduction in the 
size of the leaves. Blossoming is often retarded or inhibited. After each 
cutting the stems of affected plants become shorter and slenderer and the 
leaves smaller. Likewise, fewer new buds are developed each time, re- 
sulting in a gradual diminution of the number of stems. IJsually, no 
chlorosis or other color change occurs in the leaves or stems until the last 
few stems die. In the final stages of the disease only one or at most a very 
few stems are produced, and these reach an ultimate height of but a few 
inches. These stems remain upright and for the most part turgid until 
death ensues. Not infrequently the leaves of diseased plants have ap- 
peared to be of darker green than those of iieighhoring healthy plants. 
The leaves of affected plants are not mottled, crinkled, or deformed, al- 
though commonly they are somewhat rounded at their apices, resembling 
more closely the basal than the terminal leaves of healthy plants. Al- 
though not of very common occurrence, wilting of the tips of the stems 
may occur in the later stages of the disease even in quite wet soil. The 
stems of diseased plants usually are reduced more or less uniformly in 
size. (Fig. 1.) 



Fig, 1. Alfalfa plants of the Chilean variety a:ffiected with the dwarf disease. The 
healthy plant at the left is of the same age and from the same part of the field as the 
other plants, which are diseased. Nnte especially the slender stems of the diseased 
plants as compared with those of the healthy, and the gradual diminution in height. 
The plants were removed from the field just before being photographed. 
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The first evidence of this disease in the root thus far observed is a small 
yellow streak in the wood, apparent onl^" when the bark is removed. This 
streak, which may be from a few millimeters to several centimeters long 
by a few millimeters wide, may occur anywhere in the root, especially in 
the upper foot of the taproot. As the disease develops, the yellowing 
spreads until it eventuall^^ involves the entire circumference of the root. 
As far as observed, yellowing is never present in the bark unless second- 
ary infection has begun. When the root is cut across, the yellow color is. 
found in the outermost part of the woody cylinder just beneath the bark. 
This discolored tissue forms a definite ring or band, which is narrow at 
first but becomes wider as the disease develops, until at the time the plant 
dies the root is frequently discolored thronghoiit its entire diameter. How 
much of this discoloring is due to secondary causes is not known. Plants, 
may die while the band of yellow tissue is comparatively narrow, but in 
this case it extends to the eamhimn. This condition is commonly seen 
during the hot summer months when the plants are dying most rapidly. 
During the winter and early spring months the yellowing usually does- 
not extend to the cambium but is buried beneath a thin layer of new 
xylem, indicating that the disease it not active during the winter months. 
The xylem of the secondary and tertiary roots also becomes yellow, and 
death ensues. Sometimes small roots are formed near the crown, which 
support a more vigorous top growth than seems possible, considering the 
condition of the main taproot. The yellowing extends into the main 
dmsions of the crown and into the base of the green stems, but thus far 
it has not been found to go very far np into the latter. 

The yellowing in the roots of plants affected with dwarf, being much 
lighter in color, is distinctly different from that produced by the Pusarium 
wilt described by AYeimer.^ 

Plants with slender stems and small leaves resembling tliosB of plants 
affected with the dwarf disease have been seen in fields suffering from 
drought or from some soil deficiency, but such plants do not show the 
yellowing in the roots. The roots as well as the tops of such plants are 
usually small, whereas the roots of plants affected with dwarf frequently 
are the largest and most vigorous in appearance of any others in the 
particular area in which they are found. 

COMPARISON OF ALFALFA DWARF AND BACTERIAL WILT 

Since the s^nuptoms produced by the dwarf disease and by bacterial 
wilt are so similar that it is often difficult for one not familiar with both 
diseases to tell them apart, it seems desirable to compare rather definitely 

•.^Weimee, J. L. a wilt disease of alfalfa caused bt FuscLriwni oxys'por%i 7 )% vae.. 
medicagmis, n. vae. Jour. Agr. Res. 37: 419-433. 1928. 
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the symptoms of each. The follo^^ing points should he helpful in dis- 

tmguisliing between these two diseases. 

(1) Both wilt and dwarf cause a decided stunting* of the tops of the 
plants as tlie diseases progress, although neither produces evident top 
syniptonis in the ea,rliest stages. 

(2) In both diseases the steins become few*er, shorter, and more 
spindiiiig attei each cutting, until only a very few stems are produced, 
and these eventually die. 

(3) Bacterial wilt causes stunted and abnormally shaped leaves that 
are usually paler in color than those of healthy plants. In the dwarf 
disease the leaves become quite small but remain practically normal in 
shape and color until the death of the plant. 

(4) Both diseases may produce waiting under certain conditions, but 
this is not a constant or very eonspicnous symptom of either disease. 

(5) The root symptoms produced by the two diseases are very similar. 
The earliest stage that can be detected in roots affected wdth either disease 
is a slight yellowing of the w^ood just beneath the bark. This yellowung, 
which, results largely from the formation of gum in the vessels, spreads 
until the entire active part of the xyleni is more or less completely in- 
volved. The reddish-browm lesions in the bark and wood of roots affected 
wdth wilt, described and illustrated by Jones and MeCnllDch,'^ have never 
been seen in roots affected with dw^arf. 

(6) In case of doubt the presence of the bacteria in the vessels of the 
roots of plants affected wdth wait can easily be demonstrated in freehand 
sections by Gramms stain. No bacteria wall be seen in similarly treated 
sections of roots having the dw^arf disease. 

SUMMARY 

A brief preliminary description of a hitherto iinderscribed disease of 
alfalfa oeeAirring in southern California is given. The symptoms of this 
disease are quite similar to those of bacterial wait; hence the similarities 
and differences hetw^een the two are pointed out. 

G Jones, U. B., and L. McCulloch. A bacterial wilt and root rot of alfalfa. 
CAUSED BY Aplanohacter msidiosum L. McO. Jour. Agr. Ees. 33; 493-521. 1926. 




DIAPOETHE BLIGHT OF LARKSPUR 

Frederick A. Wole 


Larkspur, Delphinium ajacis L., within the United States, is subject to 
several diseases two of which are more or less well known, selerotial blight 
caused by Scleroiinm delpJnnii Welch (5, 3), and bacterial leaf spot caused 
by Bactermm delpJiinii (E. F. S.) Bryan (1). The former appears as a 
decay of the cortical portion of the stems at or near the ground level, 
eventuating in a girdling and death of the plants. The presence of 
sclerotia in a mycelial weft near the base of the stem constitutes a char- 
acteristic sign of this disease. The latter may be recognized by the pres- 
ence of dark brown to blackish spots on the leaves and streaks on the stems. 

Another disease, apparently undeseribed, and one that may be appro- 
priately designated ^‘Diaporthe blight,” w^as first observed in the vicinity 
of Durham, N. C., during the spring of 1929, Attention is first directed 
to this disease because of the fact that the lo-wer leaves of plants which 
have reached the flowering stage become brown and dry and remain 
attached. Closer examination shows that browm lesions occur near the 
base of the stems. By the time that these lesions have developed to the 
extent of completely girdling the stems, the entire foliage will have gradu- 
ally withered and become dry. Eventually the lesions extend upward 
several inches above the surface of the soil and dowuiward into the root 
system. Scattered dark pycnidia are present within the stems (Fig. A) 
and within the petioles and leaf blades of the lowermost leaves before the 
plants have succumbed, and new pycnidia continue to be formed for a 
considerable period thereafter. The crown and uppermost roots are en- 
veloped in a cottony weft of mycelium during rainy periods. 

Toward the close of the growing season scattered pycnidia appear upon 
the capsules. Such capsules are in some cases blighted and fail to 
mature and in others apparently normal seed are borne in affected cap- 
sules. The seed from diseased capsules, in all likelihood, serve as a means 
of initiating this blight in new localities. 

Microscopic examination shows that the spherical to ellipsoidal pycnidia 
which measure 100 to 150 [\ are. wholly immersed within the tissues. They 
are of the Phoniopsis type, possess a wall of dark cells, and contain a single 
locule from which the conidia are exuded by a pore. They bear two kinds 
of hyaline conidia, alpha conidi% (Fig. B, 3), which are capable of ger- 
mination, and beta conidia or stylospores (Fig. B, 2), which have never 
been noted to be capable of germination. The former are developed less 
abundantly both on larkspur stems and in culture. They are oval and 




1931] 


W OLF : DiAPORTHE BlIGHT OF LARKSPUR 


79 


measure 8 10 by 3.54 jj, while the latter are thread-like and hooked or 
curved and measure 20-30 by 0.75 p. 



Fig. B. 1. Peritliecla of Diaporilie arciii in outline. 2. Beta conidia or stylospores. 

3. Alplia conidia. 4. Typical ascus showing arrangement of ascospores and 
apical pore. 5. Germination of ascospores on agar after 15 hours. 

A bundle of blighted steins was collected during May, 1929, and allowed 
to remain out of doors in contact with the soil until the following March- 
In the interim the surface of the stems had been blackened and a perithe- 
cial stage of the Diaporthe type had developed (Fig. A). There is no 
well-defined ventral zone. The perithecia occur singly, are sunken within 
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the substratum, and extend to the surface by means of thick, elongated 

beaks 300 to 400 fj long (Fig. B, 1). The diameter of their basal portion 
is 200 to 225 p and of their beaks 75 to 100 The asei are 4o— 50 by 
9—10 ji, with a refringent apical pore. The ascospores are hyaline, one- 
septate, giittiilate, are arranged biseriately, and measure 10 to 12 by 3 
to 3.5 p (Fig. B, 4). 

Isolations were made by taking advantage of the fact that the asco- 
spores are forcibly expelled. Stems bearing perithecia were placed on moist 
blotting paper in the tops of inverted agar plates. Within a few hours 
great numbers of the ascospores were found to have adhered to the surface 
of the agar above. When the ascospores w" ere transfered to tubes of potato 
agar or to sterilized larkspur stems, the colonies which developed consisted 
of a loose white mycelinm. After a period of about two weeks, Phomopsis 
pjenidia had formed sparingly in these colonies. 

Additional evidence of the genetic conneetion of the perithecial and 
conidial stage and, at the same time, of pathogenicity was obtained by 
series of inoculations. In one series the inoculum consisted of drops of 
water containing macerated perithecia ; in another, a suspension of conidia 
from pure cultures isolated from ascospores. Small brown lesions were 
apparent on all inoculated plants 7 to 8 days after inoculation, and 
Phomopsis pyenidia had formed wdthin the succeeding 10-day period. 
The larkspnr-blight organism is, therefore, another Diaporthe of the group 
whose conidial stage is parasitic and wdiose perithecial stage develops on 
dead or decaying parts, typified by such w^'eH-known pathogenes as P. 
pliaseolamm (C. & E.) Ell., B, hatatatis Harter and Field, and D, citri 
(Fawcett) Wolf. 

The question of the identity of the larkspnr-blight fungus revolves 
around wdiether one should regard it as specifically identical with x)revi- 
ously described forms on the basis of morphologic resemblance to sueb 
species, or whether one should emphasize its distinctness on tlie basis of 
suscept relationships. Many species of Diaporthe are known to be limited 
to closely related suscept species, a fact wdiicli has served as a means of 
identification of species wliich are morphologically alike or are very 
similar to previously described forms on other kinds of plants. Kecently, 
Weiiineyer (4) directed attention to the influence of substrate on species 
of Diaporthe. He considered the effect of substratum on the eharaeter 
of the stromata and on the size and shape of the perithecial and conidial 
•stages. He concludes that in some species stroniatic characters are quite 
variable; in others, more or less constant; and that morphologic differences 
in perithecial stages and conidial stages are correlated wdtli the genus or 
species of plant upon wdiich the fungus is grown. He suggests furtlier- 
niore that ''species groups'’ may, in subsequent studies, be separated. 
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Apparently no species of Diaportlie, as has been stated, has been pre- 
viously described on Delphinium. When, however, the larkspur pathogene 
is compared wnth the niimerons forms described by Nitschke (2) it is 
found to correspond morphologically with D. arciii (Lasch) Nitd This is 
a group species known to occur on stems of Lappa, Circium, Car duns, 
Tannecetuna, and Centaurea. Nitschke states that a fungus on Card%ms 
acantho'ides which is IsJoelled 8 pJiaeria orthoceras = SpJiaeria acliilleae 
should be I), arctn. Auserwald described a Z). achilleae on Achillea mille- 
folium which he later identified as D. ortJioceras Fr. The organism which 
Nitschke used as the basis of his i). orthoceras (Fr.) Nit, occurs on 
Achillea. However, Fries’s Sp)haeria ortJioceras (Elenchus Fungorum II, 
p. 97), specimens of which were not available to Nitschke, occurs on 
Lapsana. If one emphasizes the importance of substrate these could all 
be distinct. If, on the other hand, one regards the slight differences to be 
the result of substrate, as indicated by AYehmeyer’s studies (4) on 
Diaporthe, and as is most reasonable at the present state of our knowledge 
of this genus and other sphaeriaceous fungi, then they should all be re- 
garded as one and the same. The wuiter therefore regards the larkspur 
pathogene as D. arcHi. 


SUMMARY 

A brief account is given of a blight of larkspur caused by Diaporthe 
arctii. The pathogene possesses a Phomopsis stage, wdiich appears on 
living parts, and an ascigerous stage, which develops on decaying stems- 
The genetic connection of these stages is established by cultures and by 
inoculation. Infections resulted from inoculation wuth ascospores and 
with conidia from culture from ascospores. 

Duke University, 

Durham, N. C. 
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EFFECT OF SHADING ON THE RATE OF DEVELOPMENT 
OF TOMATO YELLOWS" 

Michael Shapovalov and J. W. Lesley 


It has been frequently assumed that the percentage of plants affected 
by curly top in sugar beets and by yellows in tomatoes depends simply on 
the degree of infestation with the beet leaf hopper {Eutetiix ienellii^ 
Baker) which spreads these diseases. Variations in the geographical and 
seasonal distribution of tomato yellows have been explained as merely deter- 
mined by variations in the prevalence of the hopper in different sections 
and seasons. The common observation that tomato yellows is less severe 
in orchards or in other shady places than in adjoining open fields has been 
understood to mean that the insect vector loves sunshine and abhors the 
shade. Since the beet leaf hopper is the only known carrier of the curly- 
top virus in the United States, unquestionably a correlation between the 
degree of infestation with the leaf hopper and the percentage of infection 
is to be expected. Nevertheless, some of the recent infection trials^ have 
indicated very clearly that the development of the disease is also determined 
by the conditions to which the plant is exposed after inoculation, particu- 
larly by the intensity of light. When potted plants, all inoculated by the 
same method and otherwise treated in an identical manner, were placed 
under different light intensities, a greater proportion remained healthy 
when heavily shaded than Avhen lightly shaded or not shaded at all. Our 
field trials at Shatter, California, in 1929, with plants exposed only to 
natural infection, present additional strong evidence of this. The progress 
of yellows in infected plants w^as delayed by shading, but the symptoms 
developed more rapidly after shading was discontinued. 

The Stone variety of tomato and tw^o closely related dwarf hybrid 
progenies were used in these trials. The plat consisted of two rows of 
unshaded Stone, two rows of unshaded dwarfs, and two rows of shaded 
dwarfs. It w^as subject to natural infection only. The shade was aff’orded 
by muslin tents extending over entire rows, fully open at the ends and with 
considerable openings on the sides, as shown in figure 1. Thus the intensity 
of light w^as reduced for the sheltered rows, although insect invasion of the 
tents w^as not entirely prevented. 

1 Joint contribution from the Bureau of Plant Industry, United States Department 
of Agriculture, Washington, D. C., and the University of California, Paper Uo. 227, 
University of California, Graduate School of Tropical Agriculture and Citrus Experi- 
ment Station, Riverside, California. 

2 Shapovalov, Michael, and E'. Sidney Beeeher. Experiments on the control of 

tomato yellows. U. S. Dept. Agr, Tech. Bui. 189. 1930. 
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Pig. 1. The type of tents used at Shafter, Calif.^ in shading experiments with tomatoes. 


As sliotYH in table iinshaded rows of both, varieties, the majority 
of the season’s total number of cases of yellows had developed by June 11 
and only a very small additional proportion by July 8 or later. In shaded 
rows no indication of yellows whatever was noticed until June 11 and subse- 
quently for some days the development of the disease was slow. On eJuly 5 
the tents were removed. Three days later, on July 8, the number of 
affected plants in the two shaded rows had increased by 90 per cent and 
on July 26 by more than 100 per cent over that noted 11 days prior to the 
removal of the tents. In the unshaded rows, the rate of increase of yellows 
was much greater in the period June 11-24 (13 days) than in the period 
June 24-July 8 (14 days), whereas in the shaded rows the reverse occurred. 
These differences are shown in figure 2, where each line represents averages 
of the two rows of each kind. 

These results indicate very clearly that many of the apparently healthy 
plants had become infected by invading leaf hoppers while these plants 
were still shaded by the tents. The environmental conditions under the 
tents were beneficial to the host plants and unfavorable to the virus. It 
is quite possible that the entire amount of infection in the shaded rows 
occurred on the same days as in the unshaded rows and that the delayed 
appearance of the symptoms of yellows under the tents signified merely a 
slower development of the disease. If the sudden increase of yellows after 
June 24 in the shaded row-s was caused by new infection, there should have 
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been a corresponding simultaiieons increase in the unprotected rows, but 
such was not the case. Over 90 per cent of the season’s total of yellows 
developed in the unshaded rows by the end of June. This is entirely in line 
with what might have been expected from previous experience under the 
conditions at Sliafter. Certain counts taken there during the last week in 
June showed 98 per cent of yellows in 1926 and 95 per cent in 1927 and 
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1928 in unshaded rows. The progress of the disease for these years is 
illustrated in figure 3. Furthermore, the period of 3 days between the 
removal of the tents and the next inspection on July 8 is far too short for 
the new infection to develop distinct symptoms of yellows in plants which 
had been growing for three months in the field. In previous inoculation 
field trials with viruliferous leaf hoppers (E. ienellus) only a very small 
percentage of very young plants (2 to 3 inches in height) showed early 
symptoms of yellows on the fourth day after the removal of the insects. 
Larger plants require a much longer incubation period. At Eiverside, 
plants inoculated 3 weeks after transplanting required at least 16 days 
before the symptoms could be detected. Therefore, we may safely infer 
that most of the shaded plants became infected before the middle of June, 
as was apparently the case with the unshaded rows, and that the three 
days’ exposure to the climatic conditions at Shatter in July following the 
removal of the tents, in addition to over two ‘weeks of incubation under 
shelters, during which diffusion of the virus probably occurred, w^as suffi- 
cient to bring out the characteristic symptoms of yellows in those plants 
in which the virus was present. 

It should be concluded from the foregoing data and discussion that 
proper shading of tomato plants in the regions characterized by the preva- 
lence of the beet leaf hoppers only partially protects the plants from the 
invasion of the infecting hoppers and that it increases the tolerance of the 
plants to the virus, enabling them to produce a crop if the shading is con- 
tinued after the infection takes place and may help some plants entirely to 
overcome it. 

Department of Plant Pathology, 

University of California, 

Berkeley, California. 

Citrus Experiment Station, 

Eiverside, California. 




NATUEAL FIEE-BLIGHT INFECTIONS ON 
SPIRAEA VANHOUTTBI 

A. B. Groves 

Tlie natural occurrence of fire blight on Spiraea- Y anliouiiei was first 
suspected by Rosen and Groves (1) after artificial infections were readily 
produced with pure-culture suspensions of Bacillus amylovorus (Burr.) 
Trev. The possibility of observing any natural infections then was rend- 
ered difficult by the prevalence of frost injury to the specimens available. 

The most favorable conditions for the occurrence of natural fire-blight 
infections on Spiraea Vanhoutiei existed at the Winchester Research Lab- 
oratory of the Virginia Agricultural Experiment Station, where there 
were two specimens located directly beneath a large pear tree. (Fig. 1). 
These were examined frequently to locate any infections that might occur 
under such favorable conditions. The first of what appeared to be fire 
blight on the Spiraea was observed on May 12, three days after the appear- 
ance of fire blight on the pear tree beneath which they were located. By 
this time the disease was general throughout the tree, particularly on the 
■water sprouts wdiich were abundant on the larger limbs. Several of the 
diseased twigs (Fig. 2) were removed and isolations attempted from them, 
together with one of the blighted pear twigs. Bacteria -were obtained in 
abundance from all the material, the colonies being typical of Bacillus 
amylovorus. Transfers were made from these and suspensions in sterile 
distilled water were prepared from the transfers wdien 48 hours old. These 
suspensions were used in making inoculations into both young pear and 
Spiraea shoots which had been removed and placed with the cut ends in 
water in the laboratory. This precaution wms taken to prevent possible 
external natural infection. The bacteria obtained from the blighted 
Spiraea produced typical blight on the pear and Spiraea shoots, as did 
the bacteria obtained from the pear. The first evidence of blighting from 
these infections was visible 40 hours after inoculation. The organism \vas 
readily recovered. The disease produced on the artifically infected Spiraea 
was very similar to that described by Rosen and Groves,^ the shoot proper 
becoming flaccid and discolored, without apparent invasion of the leaves 
attached. Small droplets of ooze did appear, lio-v^'Cver. The disease ad- 
vanced somewhat more vigorously on the inoculated shoots than on the 
naturally infected ones. 

1 Eosen, H. E., and A. B. Groves. Studies on fire blight: host range. Jour. Agr. 
Ees. 37: 493-505. 1928. 
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Pig. 1. 



^ yanUutUi plant dire.tly beueatl. 

a pear tree. The numerous water sprouts may be observed, 
a number of which are blighted. 


1931 ] 


Groves : Fire-Blight 


91 



Fig-. 2. Blighted shoots of Spiraea VanJiouilei , naturally infected. 


A lumiber of Spiraea plants are located in the planting about the build- 
ing, but blight was found only on those directly beneath the blighting pear 
tree. The foregoing indicates that natural infections of fire blight do* 
occur on Vankouttei under conditions favorable for such infec- 

tions, as herein noted. 

Virginia Agricultural Experiment Station,, 

Blacksburg, Virginia. 




CEECOSPOEA BATATICOLA, N. SP., PARASITE OP THE 
SWEET POTATO IN AMERICA 

E. ClFERRI AND S. C. B R U N E K, 


Cercospora l)ataiae Zimmerman,^ parasitic on tlie sweet potato, Ipomoea 
I) at at as L., was originally described from material of African origin and 
later reported from other countries of the oriental region, as has been noted 
in the work of Harter and Weimer.^ A Cercospora is knowm also to occur 
on the sweet potato in America, and these authors call attention to the fact 
that the species found in Florida is possibly distinct from that of the Old 
World. 

Through the courtesy of . Dr. G. F. Weber, plant pathologist of the 
Agricultural Experiment Station of the University of Florida, we have 
obtained a specimen of the Cercospora of Florida which has been studied 
ill conjunction with others from Cuba and Santo Domingo collected by the 
writers, and these, in turn, compared with a specimen from the Philippines 
obtained through exchange. 

The results of a biometrical study of the conidia, measured by means 
of a filar micrometer and Bausch and Lomb 7.9 and 4 mm. objectives, are 
given in the following tables. 


TABLE 1 . — Measurements of length of conidia of the Anierican and Philippine species 

of Cercospora 


Class, 

microns 

Elorida 

Cuba 

Santo 

Domingo 

Eecapitulation 

3 species 

Philippines 

41-50 

1 

2 

0 

3 

1 

51-60 

2 

4 

2 

8 

2 

61-70 

1 

6 

2 

9 

9 

71-80 

3 

9 

3 

15 

14 

81-90 

7 

4 

12 

23 

6 

91-100 

10 

4 

7 

21 

2 

101-110 

6 

2 

4 

12 

1 

111-120 

2 

2 

3 

7 

0 

121-130 

1 

1 

2 

4 

0 

131-140 

0 

1 

0 

1 

0 

141-150 ■ 

1 

0 

0 

1 

0 

151-160 

1 

0 

0 

1 

0 

Total 

35 

35 

35 

105 

35 


1 Zimmerman, A. Vntersuchungen iiber iropische pflansenJci'anMieiten, Erste Mit- 
teil. Ber. Lancl, ii. Eorstw. Deutsche Ostafrika 2: 11-36. 1904. 


2 Harter, L. L., and J. L, Weimer. A monographic study of sweet-potato diseases 
and their control. TJ. S. Dept. Agr, Tech, Bui. 99, 1929. 
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TABLE 2 . — Measurements of width of conidia of the American and Fliilippme species 

of Cercospora 


ClasSj 

microns 

Florida 

Cuba 

Santo Domingo 

Eeeapitulation 

Bhilijiliiiitvs 

Tot 

2 

0 

1 

0 

1 

1 


3 

3 

5 

2 

10 

11 

31 

4 

13 

20 

7 

40 

19 

99 

5 

17 

8 

22 

47 

3 

97 

6 

2 

1 

4 

7 

1 

lid 


TABLE 3. — Nmn'bei' of sepiae cliaracierising the conidia of the Amerkm] and Phitippinp 

species of Cercospora 


Class, 

septae 

Florida 

Cuba 

Santo Domingo 

Recapitulation 

Philippines 

Total 

2 

D 

D 

0 

0 

1 

1 

3 

0 

0 

0 

0 

4 

4 

4 

0 

1 

0 

1 

8 

10 

5 

1 

1 

0 

2 

10 

14 

6 

2 

2 

1 

5 

6 

1(1 

7 

1 

4 

1 

6 

3 

15 

8 

3 

S 

2 

13 

2 

28 

9 

4 

9 

2 

15 

0 

30 

10 

7 

6 

10 

23 

1 

67 

11 

5 

2 

1 10 

17 

0 

34 

12 

7 

1 

5 

13 

0 

26 

13 

1 

1 

2 

4 

0 

8 

14 

2 

0 

1 

3 

0 

6 

15 

1 

0 

1 

2 

0 

4 

16 

1 

1 0 

1 

0 

1 

0 

2 


The specimens recorded above were collected as follows : 

1. Florida. Labeled : Cercosjmra sp. not baferfae. On Tpomoea hatafa.s. 
Homestead, Florida, 1, 23, 23. Coll. G. F. Weber. 

2. Cuba. Labeled: Cercospora sp. on Ipomoea iatatas, Waiav Habana 

9, 26, 29. Coll. S. C. Bruner. ' ' ’ 

3. Santo Domingo. Labeled: Cercospora sp. On Ipomoea hatatas. 
Colonia Jaihao, Moea, 5, 14, 28. Coll. R. Ciferri. 

4. Philippines. Labeled: Cercospora latatae Zinlm. On Ipomoea 
lafatas L., Los Banos, 16, 6, 19. Coll. ? 

Although the Cercospora found on sweet potato in America shows con- 
siderable biometrical variation, yet, judging from the average measurements 
of the three sets of specimens studied, it appears to be distinct from the 
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Asiatic species in having longer and broader conidia and in being’ provided 
with a larger number of septae. 

No difference was seen in the form of the conidia, which in all of the 
specimens is elliptic-elongate to vermiculate or subtiliform, being’ also simi- 
lar in color, which varies from yellowish brown to light yellow. The 
conidiophores, furtherinore, are almost identical; these vary from 80 to 
140 p in length by 2 to 4.5 in width and are provided with septae, being 
yellowish brown with their extremities paler. 

As regards form, color, and size of the spots produced by Cercospora 
hatatae, judging from the dried Philippine specimens studied, these are 



Fig. 1. Leaf of sweet potato attacked by Cercosijora hataticola^ ii. sp. x -L (Photo- 
graph by Dr. Gr. F. Weber.) 
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relatively large (usually 10 mm. or less in diameter, but sometimes as large 
as 15 mm.), dark, becoming almost black, irregular in shape but tending to 
be rounded, and usually confluent, rarely isolated. The speeiniens from 
Florida, Cuba, and Santo Domingo show smaller spots (normally 3“8 mm., 
rarely 2-10 mm.), isolated or subconfluent, purplish black in color, almost 
indefinite when young, and circular to irregular in outline ( Pig. 1). 

In view of these differences and in confirmation of the opinion expressed 
by Harter and Weimer,^ we believe that the Cercospora found on sweet 
potato in America should be separated from that of the Old World as a 
distinct species, for which we hereby propose the name of Cercospora haia- 
ticoldy n. sp. The reported occurrence of C. 'batatae in Brazil hy Averna- 
Sacca^ should be confirmed. 

We are indebted to Dr. Weber for the accompanying photograph. 

Bstacioix Nacional Agronomica, 

Moca, Santo Domingo. 

Estacion Experimental Agron6mica, 

Havana, Cuba. 

3 Op. cit, 

4 Averna-Saeca, R. As molestias cripto^ arnica^ das plantas horticolas. Bol. Agr. 
CSao Paulo) 18: 382-416, 486-515, 567-583, 634-654. 1917. Qiiot. by Harter and 
Weimer. 



PHYTOPATHOLOGICAL NOTE 


The relation of leaf blight to sun scald of honeydew During 

the summer of 1929 leaf blight, caused by Macrospornim ciiciLmeriniim 
Ell. and Ev., resulted in complete drying of foliage of many honeydew 
melons in the Arkansas River Valley of Colorado. In some instances every 
plant in a field was dried and prostrate on the soil, leaving the melons ex- 
posed to the sun. After the leaves had dried, spots of varying sizes began 
to appear on the fruit. This spotting was observed wherever the foliage 
had been destroyed. Melons in fields, where there was very little leaf blight 
were not spotted. The spots were limited in every instance to the side ex- 
posed to the afternoon sun, thus indicating that solar radiation may have 
been the primary cause of the conditions (Fig. 1). 



Fig. 1. Honeyclew-meloii field showing siin scald on the melons. 


The first signs of sun scald are small brown spots upon the exposed side 
of the fruit. These spots enlarge slowly, as the season advances, until they 
attain considerable size. Spots varying from 1 inch to 5 inches in diameter 
were observed. The affected areas are usually round and become somewhat 
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spiiikeii. They take on a dark color with age. A white to gray margiii of 
chlorotic tissue usually surrounds the darker necrotic spots. 

Not all the melons in a field >vere affected, the greener and less mature 
melons apparently being less susceptible than those that were iiearly I'ipe. 
Cantaloupes and watermelons w^ere likewise attaeked with hvif blight, but 
these melons did not become spotted as did the honeydew melons. 

Microscopic examination was made of freshly wounded tissue, but iio 
bacteria or fungi were found. Nnmeroiis cnltures were made on prime 
agar, potato-dextrose agar, and corn-meal agar; but no orgaiiisms de\ t‘l()])ed. 
As the season advanced, however, and the spots became older, numeioiis 
secondary fungi and bacteria gained entrance and caused the fruit to rot. 
The affected fruits eventually became a soft, spongy, water-soaked mass. 
The fact that this condition occurred only where foliage had been destroyed 
and ■was not found where plants were nnaifected with leaf blight indicates 
that the spots are due to sun scald. This possibility is further siibstantiated 
by the fact that the traumatic tissue is bacteriologically sterile at the onset 
of necrosis. It is known that ultraviolet light is present in large amDiiiits 
at this elevation (3500 to 4000 feet) in the afternoon, and it is very prob- 
able that these rays are primarily responsible for the injury. 

From the nature of the association of sun scald only witli destnietion of 
foliage by Macrosporium it would seem logical to assume 

that any measures which would check the ravages of the leaf blight would 
also tend to prevent the sun scald of melons. — E. L. LeClerg, Colorado 
Agrkiiltiiral Ex 2 :)eriment Staf ion, Fort Collins^ Colorado. 



BOOK EEVIEW 


Belling, John. The Use of the Microscope. 315 pp. McGraw-Hill Book 

Company, Inc. : New York, N. Y., 1930. Price $4.00. 

This treatise on the microscope has appeared at a very opportune time. 
The attempt to keep pace with other branches of biological research lias 
resulted in a marked increase in microscopical research and has brought 
about a need for just such a book as this, that shows how a microscope may 
be brought to its maximum efficiency. 

The opening chapter gives 62 causes of injury to the microscopical 
image. Such an impressive list is enough to discourage all but the most 
optimtisic niicroscopist ; however, in later chapters the author shows how^ 
both major and minor errors may be detected and corrected. 

The following paragraphs on the light, the condenser, the object, the 
objectives, and the oculars show the author’s method of adjusting for some 
of the major corrections of the high-power microscope. 

He eliminates the glare from an incandescent lamp by a ground-glass 
filter and a diaphragm near the lamp to control the size of the light source. 
The intensity of the light is reduced by a light-absorbing combination of 
color filters. Minor reflections from the microscope mirror are eliminated 
by replacing it with a reflection prism. 

He recommends the use of a condenser corrected for spherical and 
chromatic aberration ; the latter correction may be neglected if use is made 
of the proper light filters. The condenser must be accurately centered and 
with these precautions the 16 mm. objective may be used with an almost 
full cone of light without objectionable glare. 

The twin objective binocular microscope is well adapted for magnifica- 
tions ranging from 10 to 100. The monobjective binocular microscope is 
best suited for long periods of study of objects requiring high magnifica- 
tions. The object for such study is usually mounted on a glass slide and 
may or may not require a cover glass. All slides should be 1 mm. thick and 
the cover glasses should be 0.17 mm. thick to eliminate the necessity of 
constantly changing the correction collar of the objective or the tube length 
of the microscope. 

The character of the mounting medium determines the proper type of 
objective to be used to obtain the maximum resolution and definition. The 
efficiency of the microscope centers around the objectives. They should be 
optically clean and accurately centered in the light axis. For low-power 
studies the 16 and 8 mm. apochromatic objectives are w^ell adapted. The 
useful magnification of an objective ranges from 530 to 1060 times the 
working aperture and it is advisable to keep wdthin this range. Water- and 
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oil-immersioii lenses, depending on the character of the preparation, are 
often to he preferred to the high-power dry lenses. 

The author considers the draw tube almost a nonessential feature of the 
microscope if slides and coYer glasses of the proper thickness are used and 
the higher dry and •water-immersion lenses are equipped with, correction 
collars. All binocular microscopes, however, should have some way of 
preventing a change in tube length that occurs in most makes when the 
interociilar distance is changed. It is infrequently necessary to make cor- 
rections by means of the draw tube w^hen objects at different depths in the 
mounting medium are being studied. 

Oculars of the compensating type, when light corrections are made by 
filters for achromatic objectives, are recommended by the author for general 
use, except in photography, where special oculars giving a flat field are 
essential. Oculars with a low magnification give a curved field and should 
be avoided by changing to a lower objective. 

The author has used with great success water-immersion lenses. They 
are superior for material in a water medium if the object is more than 10 
microns below the cover glass. They are, however, primarily for the skilled 
microscopist, owing to the accurate corrections that must be made with the 
collar if maximum resolution and definition are to be obtained. The re- 
viewer does not see why microscopists need to make a hasty change from 
the highly perfected oil-immersion lenses to water immersions so much used 
by the author even for aeeto-carmine preparations. It is customary to use 
only a thin layer of aeeto-carmine and the pollen mother cells are normally 
in contact with both the cover glass and slide. With objects so prepared 
the major reason for using a water-immersion lens that requires accurate 
adjustment for each preparation is obviated. 

It seems that many of the author suggestions -would have been more 
convincing if the optical reasons for the changes had been given. Perhaps 
the author has spared us by omitting complicated formulae which underlie 
Ms suggestions for improvement; however, the reviewer hopes that soine 
capable critic will show that the author’s suggestions are based on actuqdfnl 
optical theory. 

Testing the micros eope and adjusting it to its maximum efficiency have 
been made possible if the microscopist follows the instructions outlined in 
the chapters on tests and rules for high-power and routine microscopy. The 
star test detects axial spherical aberration, inaccurate tube length, and im- 
proper adjustment of the correction collar. With everything correct the 
disc or ring into which the small spot of light expands, when out of focus 
of the microscope, will be equally sharp at equal distances within and with- 
out the focus, though it may not be equally bright. The ring test is used 
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to correct the condenser. If properly focused the light of the aperture T^dll 
be greatest and solid. Eaising or lowering the condenser, only, reduces the 
aperture without giving marginal rings of light. 

Doctor Belling has prepared an excellent glossary and index. The text 
is full of suggestions to help the student of the microscope acquire efficiency 
in its manipulation and at the same time reduce the fatigue that often comes 
from constant looking through hand lenses, twin objective binoculars, and 
high-power microscopes. There are many departures from the usual prac- 
tice of slide preparation, adjustment of light and lenses, and making 
eamera-liicida drawings and photomicrographs, which years of experience 
have shown to be practical. 

Instructors and professors of biology in many of our universities will 
go through the next few semesters with a worried look. Their students will 
remind them that one of our leading mieroscopists tips his microscope at an 
angle of 45°. The use of a microscope stage tipped at an angle of 45° 
might prove very unsatisfactory for studying material mounted in an 
aqixeous solution with immersion lenses if it allows the objects and the im- 
mersion liquid to settle to the lower side of the slide. Two of the leading 
microscope manufacturers, however, are producing microscopes with a 
horizontal stage and oculars tipped at an angle of 45°, thus eliminating the 
objectionable feature of tipping the microscope stage and the strain from 
bending over a microscope in the vertical position. 

The general use of aceto-earmine is due to Doctor Belling ’s demonstra- 
tion of its applicability as a chromosome stain. Each individual user likely 
has found some modification to make this killing and staining solution more 
applicable to his material. So it seems with these usfeul hints on micro- 
scope manipulation, mieroscopists will begin at once to eliminate some or 
many of their errors, but each worker is likely to find some modification of 
the rules to suit his particular need. — ^A. E. Longley, Bureau of Plant 
Industry y TJ. S, Department of Agricidture,, Washington, D. C. 




ABSTRACTS OF PAPERS PRESENTED AT THE TWENTY- 
SECOND ANNUAL MEETING OF THE AMERICAN PHYTO- 
PATHOLOGICAL SOCIETY, CLEVELAND, OHIO, 
DECEMBER 30, 1930, TO JANUARY 1, 1931, 
INCLUSIVE 

Effect of solid carbon dioxide upon transportation diseases. Chaeles Beooks. 

Solid carbon dioxide now furnishes a convenient means of increasing the carbon- 
dioxide content of storage air and has been used experimentally for this purpose in 
small containerSj in pony refrigerators, and in standard refrigerator cars. Within a 
half-hour to an hour after a ear is loaded it is possible to increase the carbon-dioxide 
content of the atmosphere to a percentage that Avill have a checking effect on the rotting 
and softening of warm fruit equivalent to a 30 to 40 degree P. drop in temperature. 
If the gas escapes within the next 18 to 24 hours no objectionable flavor is likely to 
result, but with peaches, strawberries, and red raspberries there is the possibility of a 
reduction in flavor and with more extreme treatments the fruit may become quite flat 
and insipid. Dewberries, blackberries, plums, and cherries are more resistant to carbon- 
dioxide injury. Grapes, sweet corn, peas, and beans seem to offer the greatest promise 
of beneficial effects without harm to the product. The inhibiting action of the gas 
ceases soon after restoration of normal atmospheres, but by this time the car has been 
fairly well cooled. 

Further studies with psyllid yellows of the potato. B. L. Bichards. 

In repeated tests the adult form of Faratriosa coclcerelli in numbers up to 1,000 per 
plant has failed to produce symptoms of psyllid yellows on the potato plant- Nymphs 
from adults used in such tests, as well as from all other sources employed, wdien used in 
sufficient numbers, q)roduced the disease uniformly. All attempts to date to separate 
nymphs from the infective principle by growing young nymphs on healthy plants from 
eggs hatched on healthy leaves in petri dishes have failed. The type of symqDtoms and 
the degree of injury to the potato appear to be definitely correlated with number of 
nymphs feeding, length of feeding period, and the intensity and duration of light 
exposure. Under greenhouse conditions psyllid yellow’s is not induced uniformly with 
fewer than 15 nymphs. With larger numbers, symptoms api^ear in from 4 to 6 days. 
The progress of the disease is interrupted, and the plant apparently may assume a nor- 
mal expression, if the feeding nymphs are removed from the infested plant in 5 to 10 
days after appearance of the first symptoms. Grow’th, w’hich is stimulated by insect 
feeding, but wdiich occurs subsequent to their removal, is to all appearances normal. In 
Utah, normal plants are obtained from tubers grown on psyllid-infested plants. 

Aphids as vectors of leaf roll among sprouting potato tubers. F. C. Stewart and H. 

Glasgow. 

In June, 1928, and again in March, 1930, potatoes purchased at grocery stores in 
Geneva, N, Y., were found infested by large numbers of the spinach aphid, Mynus per- 
sicae. The occurrence of aphids on sprouting potato tubers is frequent in England and 
Ireland, but has not been previously reported from America. Experiments conducted 
by the writers show that the aphids may spread leaf roll among sprouting tubers. 

In one experiment halves of 38 tubers from healthy plants were mixed wuth aphid- 
infested leaf -roll tubers and allowed to sprout for 20 days. The aphids multiplied and 
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spread to tLe sprouts of the healthy tuhers. Each tuber -half was then cut crosswise- 
into two pieces and all planted in pots in a greenhouse. Of the 76 plants produced 5 
appeared normal, 68 showed positive symptoms of leaf roll, and 3 were doubtful. Under 
parallel conditions the other halves of the same tubers used as a cheek and not exposed 
to aphids produced 76 normal plants. 

In another experiment it was proved that normal and leaf -roll plants may be ob- 
tained from different sprouts of the same tuber by allowing the aphids to feed upon 
some sprouts and excluding them from others. 

The distri’bution of the latent vb'us in tuhers of commercial potatoes. GtKOVER Burnett 

and Leon K. Jones. 

Tomato plants were inoculated with macerated leaf tissue of plants grown from 
commercial potatoes combined with macerated leaf tissue of tobacco plants affected with 
common tobacco mosaic. Apparently healthy plants from 93 commercial tubers were 
used in the tests with the following varieties represented: Netted Grem, Early Eose,, 
White Eose, Wisconsin Pride, Burbank, and Beauty of Hebron. 

One tuber of the Early Bose variety was found to be free from the latent virus. 
During the growing season in the field the foliage of four plants produced from this 
tuber remained free from the latent virus, while foliage of another plant from this 
tuber, after being inoculated with macerated tissue of a potato affected with rugose 
mosaic, produced streak in tomato when leaf tissue from it was inoculated in combina- 
tion with tobacco mosaic. 

The tise of disinfect a7its m fertiliser's for the control of potato scah and rhisoctonia. 

Wm. H. Martin. 

Duriug the past 5 years a series of field and greenhouse experiments have been con- 
ducted to determine the value of the addition of various disinfectants to fertilizers for 
the control of soil-borne scab and rhizoetonia of the potato. The materials used in- 
cluded calomel, yellow oxide of mercury, formaldehyde, and various organic mercury 
compounds. These materials were mixed with the fertilizer and the resulting mixture 
was then applied in the oioen furrow in the usual manner, before planting the crop. 
Except where they were improperly incorporated in the soil, the potatoes developed nor- 
mally and an appreciable reduction in scab and rhizoetonia followed. In an experiment 
in 1930 the following results wTre secured: 


Treatiiient 

Yield 
per acre 

Eree from 
scab 

Severe 

rhizoetonia 


Bushels 

Per cent 

Per cent 

Eertilizer alone 

143.3 

65.8 

51.7 

Eertilizer and 20 lbs. calomel per acre 

Eertilizer and 10 lbs. yellow oxide of mercury 

176.0 

93.9 

2.7 

per acre 

147.9 

97.4 

3.1 

Eertilizer and 45 lbs. Semesan per acre 

170.7 

93.7 

1.8 


Similar results have been secured in other experiments with potatoes. The scope of 
this work has been broadened to determine the value of this treatment in the control of 
soil-borne pathogenes attacking certain vegetables and ornamentals. 



1931] Twenty-second Annual Meeting 105 

The e'ffeGt of de^th of 'planting and soil 'moist'iire on the development of Thizoctonia on 
-the potato. E. S. Clark and Wm. H. Martik. 

Cankering of the stems and stolons of the potato was inneh more severe in soils 
adjusted to 20 per cent moisture than in those with higher moisture content. The num- 
ber of sclerotial bodies was likewise greater in the low- than in the high-moisture series. 
The disease was more prevalent on sprouts from seed pieces planted S-| inches deep than 
on the sprouts of those planted inches. The severity of the disease at different jilant- 
ing depths was also influenced by soil-moisture content. Sprouts from seed pieces 
planted 1-| inches deep in a soil maintained at 20 per cent moisture showed more serious 
infection than those planted 3^ inches deep in a soil adjusted to a moisture content of 
60 per cent. In general, however, deeper planting influenced the development of rhizoc- 
tonia in the same manner as a deficiency in soil moisture. 

The QifeGt of different pressures and of different types of lime in potato spray- 
ing. Paul E. Tilford. 

In 1929 the increases due to spraying potatoes with 4-6-50 Bordeaux mixture were 
significantly greater when the spray was applied at 400 pounds pressure than at 200 or 
600 pounds. In 1930, when there ivas very little rainfall to remove the spray, Bordeaux 
applied at 200, 400, and 600 pounds pressure gave practically the same results. 

Experiments over a period of 4 years, comparing the increases obtained from spray- 
ing with Bordeaux prepared from stone lime, and from high ealeinm-liydrated lime, show 
hydrated lime to be as satisfactory as stone lime. Tests conducted by growers in com- 
mercial fields gave as good results from hydrated lime as from stone lime. 

Bordeaux, prepared from high calcium-hydrated lime, gave greater increases than 
that prepared from high magnesium-hydrated lime. 

The benefits from spraying in these experiments have been largely due to control of 
hopper burn and protection from the heat. 

Seed treatment for damping-off of tomatoes. James G. Horsfall. 

A chemical seed treatment of tomatoes for damping-off in seedling flats has been 
evolved for growers who have found soil steaming undesirable. Copper fungicides, nota- 
bly 5 per cent OuSO.i as a soak for 1 hour or as monohydrated dust and CuCOg dust, in 
4 duplicate trials with naturally contaminated soil, increased emergence 205.3, 228.4, and 
135.7 per cent and reduced disease in emerged seedlings to 20.0, 30.4, and 63.4 per cent 
of the check, respectively. In t'wo tests the following additional copper compounds as 
dusts Increased stands and decreased disease; cupric oxalate, tartrate, sulphide, silicate, 
arsenate, oxide, chloride, cuprous chloride, bromide, sulphide, thiocyanate, copper oxy- 
chloride, and malachite. Except for a slight lag, tomato seeds grew normally after soak- 
ing in an 8.6 per cent CUSO4 solution for 24 hours or in a 50 per cent for 2 hours. Mer- 
cury compounds gave good disease control but injured germination under certain ill- 
defined conditions. Semesan, for example, reduced disease to 15.5 per cent of the cheek 
in 10 duplicate trials, but reduced emergence in one ease to 7 per cent or ineresed it in 
another to 171 per cent of the check. The average emergence, however, was 112.6 per 
cent of the check. 

^Effect of seed treatments on seed longevity. E. E. Clattok. 

Seeds of many vegetable crops are often stored for 2 to 5 years before sowing. The 
use of recommended methods of seed treatment is greatly restricted by fear of seed in- 
jury. Results from six years’ experiments with many kinds of seed show that this fear 
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is well founded. Eeeommended treatments with (1) mereurie chloride, (2) liquid 
org’anie mercurials, and (3) hot water have greatly shortened the life of the seed, even 
when they caused no immediately apparent injury. The dust treatments usually had no 
injurious after effects. Experimental work shows that much can be done to reduce or 
eliminate the harmful after effects of seed treatment. For example, with three lots of 
cabbage seed the germination 18 months after treating was: — 


25 minutes at 50 degrees C. in water 51.60% 

'' '' .25% 211804 62.21% 

Nontreated 53.30% 


Other promising possibilities are indicated. The effective use of seed treatment 
requires close cooperation between seed producers, seed dealers, and the crop growers. 
An instance in which such cooperation has been successfully worked out with cauliflower 
seed is briefly discussed. 

The growth rate of tomato plants affected toy yellows. Michael Shapovalov. 

The rate of elongation of tomato stems of both inoculated and uninoculated plants 
was ascertained by measurements made at different intervals. Three different types of 
curves, representing three different types of growth, were obtained. Healthy plants, 
whether inoculated or not, give practically the same, gradually rising curve (I). Inocu- 
lated plants lyhich developed the disease and never recovered from it show at flrst a 
slight lag, then a sudden cessation of growth (II). Plants affected in the beginning, 
but later showing signs of recovery, are apt to lag at first, then show a rapid rise in the 
rate of growth, followed by a gradual increase, as in cheeks (III). Shading does arot 
change the types of curves but reduces the number of positive cases and thus increases 
the number of plants giving (I) and (II) types of curves and speeds up the rate of 
elongation. In early stages of tomato yellows a slight decrease in the rate of growth 
of diseased as compared with healthy plants often precedes the appearance of other ex- 
ternally recognizable symptoms. The lag and the cessation of growth in these cases are 
accompanied by a rapid accumulation of carbohydrates and an increase in total nitrogen 
and, therefore, do not signify the weakening of either the photosynthesis or the absorp- 
tion of nutrient elements from the soil. All these j)henoinena, how^ever, suggest a seri- 
ous disruption of the metabolic processes. 

The occurrence of the Australian spotted wilt of tomatoes in Wisconsin. 8, P. Doo- 
little and C. B. Sumner. 

There appeared in the field at Madison, Wis., during the summer of 1930 a virus 
disease of tomatoes which seems identical wuth the so-called spotted wait of tomatoes in 
Australia. The disease is a form of streak and the affected plants showed symptoms 
apparently identical with those described from Australia in a recent paper by Samuel, 
Bald, and Pittman. The young leaves developed the peculiar bronze markings typical 
of the Australian disease, the petioles and stem also being afl'eeted to an extent wdiich 
occasionally resulted in the death of young plants. Fruits also were found showing the 
peculiar concentric markings figured in the Australian paper. The disease appeared on 
occasional plants during the season but did not spread rapidly in the field. It is readily 
transmitted to tomato by artificial inoculation but no w^ork has yet been done on insect 
transinission. Its relationship to other forms of streak has not been determined. 

X/^yloridisation hetiveen Fuccinia graminis tritici and Fiiccinia graminis secalis. Mar- 
garet Newton, T. Johnson, and A, M. Brow^n. 

Crosses betw’-een forms 30 and 95 of Fuccinia graminis triticA and a field culture of 
Fuccinia graminis secalis have resulted in the production of four hybrid rust forms, 
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three of which have not hitherto been described. These hybrids, although distinguish- 
able, resemble each other rather closely in pathogenic characters. They are much less 
virulent on wheat varieties than other known physiologic forms of the triiici series and 
are likewise less virulent on rye varieties than forms of the secalis series. If these 
hybrids are characteristic of all hybrids between the secalis and iriUci varieties of JPuc- 
cinia graminis, it is probable that such hybridization is not imioortant as a source of 
virulent strains of wheat stem rust or rye stem rust. 

synthetic production of Pucomia graminis hordei F. and J. — Moses N. Levine and 
Ralph U. Cotter. 


By crossing pycnia of P. graminis secalis and P. grammis tritici on barberry, the 
writers recently obtained a strain of stem rust that attacks certain varieties of rye and 
wheat rather severely, which neither of the parents alone can do. Barlej^ also is quite 
susceptible to this rust hybrid. These results indicate the production through hybridiza- 
tion of a rust form, not only pathogenieally different from either one of the parents but 
possessing to a certain extent the parasitic properties of both. The actual existence of 
P. graminis hordei may here be involved. (Cooperative investigations between the 
Offices of Cereal Crops and Diseases and Barberry Eradication, Bureau of Plant Indus- 
try, United States Department of Agriculture, and the Minnesota Agricultural Experi- 
ment Station.) 




'uclear association m the aecium of Puccinia grammis. 


W. F. Hanna. 


The sporidia of Puccinia graminis are uninucleate. Under certain conditions they 
have been found to produce secondary sporidia. Monosporidial infections on the bar- 
berry give rise, on the upper surface of the leaf, to pycnia containing many uninucleate 
pycniospores and, near the lower surface, to crescent-shape wefts of uninucleate hyphae. 
The stimulus of gravity does not appear to determine the particular area of the leaf in 
which these organs develop. About forty-eight hours after pycniospore-containing nec- 
tar from a pycnium of one sex is applied to a pycnium of opposite sex, binueleate cells 
appear in the hyphal wefts near the lower surface of the leaf. Shortly afterw^ards, miil- 
tinucleate cells are found near the center of the weft; as many as sixteen nuclei have 
been counted in a single cell. Some of these binueleate and inultinucleate cells arise by 
cell fusions. The paired nuclei of the aeciospores are considered to be descendants of 
nuclei which become associated in this manner. In one preparation a nucleus was found 
which appeared to be '^migrating’' through the cell wall into a neighboring cell. A 
few germinating pycniospores have been found, but their role in initiating aecial devel- 
opment is not fully understood. 


^Indications of heterothalUsm in Tilletia tritici. H. H. Floe. 

In a series of greenhouse and field tests wheat seedlings Avere inoculated with one 
or more cultures from single primary sporidia of Tilletia tritici. Ten such monosporidial 
cultures inoculated singly into wheat seedlings produced no infection. Of six trials in 
■which the seedlings were inoculated with a mixture of two such monosporidial cultures, 
infection was obtained in three. Three trials in which ten of the monosporidial cultures 
were mixed produced infection in every case. In no instance were uninoeulated plants 
infected. (Cooperative investigations hy the Washington Agricultural Experiment Sta- 
tion and the Office of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture.) 
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/PJhysiologic fol'ms of 'bunt of wheat and varietal resistance. E. N, Beessman. 

Studies were made over a three-year period of the parasitic behavior of 100 eollee- 
tions of buut, Tilleiia iritici and T. levis, obtained from widely separated sections of the 
United States and several foreign countries. Ten standard varieties, nine reported as 
resistant and one as susceptible to bunt, were used as difterential hosts and subjected 
to the usual inoculation tests. The results indicated that there are at least 10 physio- 
logic forms of bunt, six T. levis and four T. tritici. Practically all of the varieties of 
wheat, formerly classed as resistant to this disease, are susceptible to one or more of 
these forms. White Odessa, Martin, Banner Berkeley, Albit, Regal, Sherman, 
Stephentshka, Cooperatorka, Hope, and Hussar are susceptible to several forms. Ridit, 
although resistant to most forms and collections, is susceptible to some forms. Turkey 
X Bd. Minn. No. 48, Hohenheimer ^^behaart^^ and Hohenheimer ^ ^ unbehaart ’ ^ are rather 
resistant to most of the forms but some infection is obtained. Rye was susceptible to 
several of the collections. T. secalis is designated as a form of T. iritici. Hosar, a 
selection by the writer, from Woolman’s hybrid. Hussar x Plohenlieimer '^^behaart^^ has 
been consistently resistant to all of the available collections of bunt. 

\yGer'mmation of wheat stem-rust teliosyores formed m the greenhouse. Thorvaldite 

Johnson. 

Attempts were made by freezing and by alternate wetting and drying to shorten 
the dormancy period of teliospores formed in the greenhouse. Either of these treat- 
ments, in most cases, reduced the period of dormancy. A combination of the two, that 
is, a short period of freezing (2-7 days) folloAved by alternate wetting and drying, in- 
variably resulted in germination. Teliospores formed at low temperatures, 55°-60° E., 
germinated more abundantly when subjected to this treatment than those formed at 
higher temperatures, 7(3°~75° F. 

Teliospores formed in nature on Hordeum jubatum and Agrogyron repens in Sep- 
tember, 1929, likewise responded to freezing followed by alternate wetting and drying 
and germinated abundantly at the beginning of December. Teliospores on Eordeum 
fubatim and wheat collected out-of-doors, September 3, 1930, commenced germinating 
September 19, after being subjected to the same treatment. 

As to the minimal dormancy period of teliospores produced in the greenhouse, the 
shortest period between the completion of teliospore formation and the germinatioii of 
the spores was 20 days. Spores frequently germinated between 30 and 40 days after 
formation. The shortest period from the inoculation of wheat plants with uredinio- 
spores to the germination of the teliospores formed on them was 55 days. 

'Effect of mineral ?iutritio7i o?i the reaction of wheat varieties to leaf nwf. K. D. Doak, 

Wheat varieties showing various types of reaction to one physiologic form of leaf 
rust, jPuccinia tnticinaf were grown in sand cultures providing different degrees of excess 
and deficiency in nitrogen, phosphorus, and potassium. Nitrogen increased susceptibility, 
while phosphorus and potassium decreased it. Excess nitrogen induced the development 
of larger primary uredinia and more abundant secondary uredinia and decreased 
chlorosis. Phosphorus in excess increased chlorosis, did not reduce the size of primary 
uredinia, and retarded or prevented development of secondary uredinia. Excess potas- 
sium increased chlorosis and also decreased the size of primary uredinia. Secondary 
uredinia appeared in incomplete rings around the primary. In varieties of intermediate 
reaction, excess nitrogen increased the percentage of infected points with uredinia, 
while nitrogen deficiency, excess phosphorus, and excess potassium decreased it. Phos- 
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pliorus deficiency decreased chlorosis in both susceptible and intermediate varieties, but 
the uredinia were always small. Potassium deficiency decreased chlorosis but did not 
reduce the size of uredinia. A few resistant varieties were affected like the inter- 
mediates. The relation of time of starvation and excess to change in reaction "was 
tested in water cultures. 

^Jie effect of temperature and light on the development of the uredmial stage of JPuccinia 

graminis. Leonard W. Melander. 

Urediniospores of JPuccinia graminis, hardened ten days by exposure to 0 to C., 
wfithstood low temperatures on dry glass slides in a freezing chamber better than non- 
liar dened spores. Hardened urediniospores of wheat, timothy, and oat stem rust survived 
at -29° C. to -40° C. for 40 to 45 days. After six days of alternating high and low 
temperatures the percentage of viable, hardened spores was loivered. 

At 10° C. uredinia appeared a w^eek later than at 20° G. They developed slowly 
at 0 to 1° C., and sometimes the infection type differed from the normal type produced 
at 10° and 20° C. P. graminis tritici form 36 produced numerous uredinia after 59 
days at 0 to 1° C. ,* form 35 produced minute uredinia on Little Club wheat; form 15 
generally failed to produce uredinia within 80 days. When reexposed to 20° C., type-1 
uredinia became type 3; and form 15, dormant at 0 to 1° C. in wheat plants, produced 
normal uredinia. 

Production of telia on ■wheat, oats, and rye w^as stimulated at 0 to 1° C. Both rust 
and host withstood -10° C. for 24 hours. 

Low light intensities retarded stem-rust development. Urediniospores of P. graminis 
tritici form 15 formed in a light intensity of 302 foot-candles at 20° C. w^ere longer and 
better able to ■withstand temperatures of -29° C. to —40° C. for 24 hours than spores 
formed in higher or low’er light intensities. (Cooperative investigations betw^een the 
Bureau of Plant Industry, U. S. Department of Agriculture, and the Minnesota Agri- 
cultural Experiment Station.) 

Relationship of the oat smuts. W. E. Hanna and W. Porp. 

Experiments in which oat seedlings inoculated with cultures of Ustilago avenae and 
JJ. levis were grown to maturity in the greenhouse yielded the following results: (1) 
Plants iiiDcnlated with a single monosporidial culture of JJ. avenae or TJ, levis did not 
produce smutted heads. (2) Plants inoculated wutli two .monosporidial cultures of 
opposite sex produced smutted heads. If the two cultures Avere of U. avenae the infected 
heads were “ loose in a]opearanee and their spores echinnlate; if of JJ. levis the heads 
w^ere covered in appearance and their spores smooth; if one of the cultures AA^as of 
JJ. avenae and the other of JJ. levis the infected heads were somewhat variable in appear- 
ance, but upon close examination they proved to he of the loose type, and their spores 
w^ere echinnlate, (3) The sporidia of U. avenae^ like those of JJ. levis^ are of two 
kinds, (+) and (-) ; the sporidia of one species mate Avithout difficulty AAuth sexually 
opposite sporidia of the other species. 

These results indicate that JJ. avenae and JJ. levis are genetically distinct Avith 
respect to the characters by which they are differentiated, but the ease AAutli AAffiich crosses 
can be made betAveen them suggests that they are closely related species. 

Sost specialisation and parasitisyn of the genus RhyncJiosporium. Ealph M. Caldwell. 

Eesults of additional experiments have noAv been secured AAutli monosporoiis cultures 
of the scald fungus, Rhynchospormm secalis (Oud.) Davis from Agropyron repens, 
Bromis inei'mis, Dactylis gloyyierata, Blymus rohustus, barley, and rye collected in 
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different localities. Two to live isolations from eaeli host have been tested. The hosts 
inoculated included rye, barley, oats, "wheat, Danihonid calif ornicdj Hovdcuni juliatviii., 
and Loliwni perenne. No culture infected any host other than that from which it came. 
In these cases significant infection almost invariably occurred. There is evidence of 
five host-specialized races of E. seoalis. Excepting the scald fungus on Dactylis, no 
significant morphological variations were found within the species E. secaks as it 
occurred upon several hosts. However, upon Dactylis glonieraia, the fungus is clearly 
distinct in morphology and parasitism. It is being described as a new species. The 
two species develop on the hosts in a similar and unusual manner. Penetration is direct 
from appressoria of conidial germ tubes. The fungus body consists primarily of a 
subcuticular stroma with very limited and delayed growdli of hyphae in the mesoj)hyll. 

The development of crown gall, hairy root, and callus under controlled conditions. A, J. 

Biker, W. M. Banfield, and G. W. Keitt. 

Crown gall, caused by Ehytomonas tumefaciens ; hairy root, caused by Ekytomo^ias 
rhwogenes ; and wound overgrowth, caused by girdling, were each produced under con- 
ditions designed to avoid the presence of complicating factors. This was done by induc- 
ing these enlargements (1) on nursery apple trees growm in steamed soil both in the 
field and in the greenhouse and (2) in the field on stems of nursery apple trees, the 
treated parts of which were enclosed in small chambers designed to permit a disinfectant^ 
treatment and to prevent foreign organisms from gaining entrance. ’ Cultures of single- 
cell origin and tested pathogenicity were employed. 

After one and two years the results showed that inoculations with the crown-gall 
organism induced only crown gall, those wfith the hairy-root organism induced only hairy 
root, and girdling induced only callus and wound overgrowth. Mixed cultures of the 
crown-gall and hairy-root organisms caused malformations which showed eompilete inter- 
gradations of crown -gall and hairy-root characters. The pathogenic organisms gained 
entrance into the host plants readily through wounds, but callus appeared not ordinarily 
to be an open infection court for either of these bacteria. (Cooperative investigations 
between the Office of Horticultural Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture, and the Wisconsin Agricultural Experiment Station.) 

The life cycle of the hairy-root organism on apple m relation to pathogenesis. E. M. 

Hildebrand. 

The life cycle of Ehytomonas rhwogenes, the hairy-root organism, is being studied 
in relation to pathogenesis on nursery apple trees. 

The entrance of the bacteria into the host tissues is accomplished only tlirougli 
w^oimds which heal so rapidly that the bacteria are unable to enter a wound three days 
old. The callus tissue which develops following a wound was determined not to be 
commonly an open infection court. Different kinds of insects were observed to be 
feeding on the callus, roots, and diseased tissue below ground. Efforts to isolate ero-wn- 
gall and hairy-root bacteria from these insects have been unsuccessful. 

The exit of the bacteria from the overgrowths seems to be a continuous process 
from the surface, where the organisms commonly occur in abundance. As the enlarge- 
ments become older they contain correspondingly more xylem elements, from which the 
bacteria are less easily isolated. These bacteria may overwinter in the soil and may 
exist there separated from the host for over a year. (Cooperative investigations between 
the Office of Horticultural Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture, and the Wisconsin Agricultural Experiment Station.) 
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Whysiologic specialisation in Gymnosporangium. Donald E. Bliss. 

Statements from various parts of tlie Unitecl States are much, at variance regarding 
the relative suseeptibility of certain varieties of apple^ Pyrus mains, to GyniJiosporangimn 
juniperi-virginianae and G. glohosum. 

Collections of G. juniperi-virginianae from lowa^ Kansas^ and Wisconsin, when 
placed on the Tolman and York Imperial varieties, caused only flecking. However, G. 
juniperi-virginianae from West Virginia produced aeeidial cups on the same hosts. 
BechteUs Double-flowering crab, Pyrus ioensis, was highly susceptible to all of these 
collections. Varieties of apple trees secured from nurseries in Iowa, Kansas, New York, 
and Virginia were alike in their reactions. These data are indicative of physiologic 
specialization in Grymno sporangium. 

Further inoculations were made, using three collections of G. glohosum from Iowa. 
All of these caused an abundance of aecidia to form on Crataegus mollis, but flecking 
was the only symptom to develop on the Pameuse, Tolman, Y^ellow Transparent, York 
Imperial, Wealthy, McIntosh, Baldwin, Delicious, and Northwestern Greening varieties. 
Although the aecidia of G. glohosum were found commonly in Iowa on Crataegus spp., 
none were observed on the leaves of 150 varieties of apples examined in 1930. G, glo- 
hosum does not seem to occur on apples grown in the nursery in Iowa, although it has 
been identifled on many varieties in New” York. 

pathogenicity of three red cedar rusts that occur on apple. P. R. Miller. 

Successful inoculation W”as obtained with Gymnosporangium germinate, quince rust, 
on the fruit of Delicious, AVinesap, Stayman, and Wealthy apple varieties and on quince 
foliage; wuth Gymnosporangium juniperi-virginianae, apple rust, on the fruit and foliage 
of Rome, Ben Davis, Grimes, and Wealthy and on the foliage of Jonathan; and wuth 
Gymnosporangium glohosum, hawthorn rust, on the foliage of Maiden Blush, Rome, Ben 
Davis, Jonathan, Grimes, and AYealthy, and in addition on pear and Sorhus sp. These 
results are more or less in accord with the natural infection as observed in 1929. Apple 
fruits were susceptible for approximately fifteen days after petal fall. Infection was 
obtained through wounds on apple leaves which had become resistant. Leaves removed 
from the tree at the end of the day remained alive tw”o months on a sucrose solution 
in Petri dishes. Indications of heterothallism w^ere secured by mixing the pycnial 
exudates. Overwintering of aeciospores resulted in a marked increase in the percentage 
of germination. On an awn-leaf type of red cedar large galls of Gymnosporangium 
juniperi-vlTginianae w’ere found on large limbs. 

Broolcs fruit spot. H. C. Young and Frank AYinter. 

During the season of 1928 fruit spot’^ caused a severe loss in the apple crop in 
the Ohio valley. Previous to this nominal losses occurred in wfldely separated orchards 
ill southern Ohio but no general epidemic had occurred. Consequently, not much atten- 
tion had been given to control measures. 

A detailed study of the causal fungus, MycospJiaereUa pomi, wms begun in the 
spring of 1927. It was found that the perfect stage of the fungus occurs on almost all 
types of deciduous leaves throughout the State. The aseospores mature earlier in north- 
ern than in southern Ohio. 

The humidity, temperature, and host relationships of the fungus are extremely inter- 
esting. The optimum temperature for growflh is 22° to 24° C. Grow”th was almost 
stopped at 30° C. 

It was found that dilute Bordeaux mixture (1-3-50) controls the fungus. Diiriug 
the season of 1929 the 4-weeks spray w’'as the most effective. On account of the drouth 
no results were obtained in 1930. 



112 


Phytopathology 


[VoL. 21 


Cultural cJiaracters and host range of the apple sooty-hlotcJi fungus. M. W. Gardner 

and E. C. Baines. 

By partial surface sterilization pure cultures of the sooty-blotch fungus, Gloeodes 
pomigena, have been obtained from apple fruits. The fungus grows very slowly and 
on potato agar produces a thick black thallus on and around which gelatinous masses 
of spores acEuinulate. The fungus grows well on a variety of media but has sporulated 
only on potato, malt-extraet, and prune agars. On very moist agar the siiores bud pro- 
fusely. Cultures similar to those from apple have been obtained from sooty blotcdi on 
the young W’ood of leatherwood, Smilax Mspida, prickly ash, pawpaw, Vitis cordi folia, 
ivhite ash, tulip tree, hard maple, wullow, hawthorn, blackberry, sassafras, redbud, 
bladdernut, Evonymus arnericana, and Cornus rugosa and from fly speck on the flrst ten 
species above mentioned and sycamore, spice bush, and Cornus alternif olia. Sooty blotch 
has been produced on apples by inoculation with spore suspensions from cultures from 
sooty blotch on apple, pawpaw, and Crataegus and fly speck on white ash and sycamore. 
The incubation period in a cool moist compartment in the greenhouse was about three 
weeks and, in the orchard, much longer. 

Artirficial infection of fruit with the apple-scah fungus. 0. 0. Bratley. 

The length of the period of susceptibility of apple fruit to infection by V enturia 
inaequalis is important because of its relation to the value of late-summer applications 
of fungicides and to the appearance of new lesions on the fruit in storage. 

Inoculations during the summer of 1930 were made by rubbing coiiidia from infected 
leaves directly on the moistened surface of attached McIntosh fruit. The inoculated 
apples were immediately inclosed in small moist chambers made of wire netting covered 
with wet cotton, the whole then being inclosed in bags made of transparent moisture- 
proof cellophane. 

When continuous wetting was maintained for 40 or more hours the inoculations were 
usually successful but when the fruits were dry at the end of 28 hours they failed. 
Inoculations made during August indicated that the length of the incubation period 
varied from one to two months, depending on the length of the moist period at inocula- 
tion. Infections resulting from inoculations made the last of August appeared six 
weeks later, three weeks after the apples had been picked and placed in storage. 

Bagging experiments conducted on the same variety of apples showed that natural 
infection occurred as late as August 13. 

The relatio7i of root-feeding arthropods to croivn-gall mfection on raspherry. W. M. 

Banfield. 

Seasonal-development studies of crown gall on red raspberry, grown in inoculated 
field soil during 1928 and 1929, show that (1) 92 per cent of plants became infected in 
the first season, averaging 5.8 infections per plant. (2) Infection appeared to occur at 
random on all underground parts and did not seem to he correlated with particular 
stages of development of these parts. (3) Infection was most abundant on roots and 
stems in the upper four inches of soil. (4) Infection commonly occurred through 
arthropod injuries. 

No crovm gall occurred on llS plants during 1929 and 1930 in inoculated soil from 
which root-feeding arthropods w^ere excluded except at points mBchaiiically injured. 
Crown gall occurred on 63 of 76 cheek plants grown without arthropod exclusion, averag- 
ing 5.2 galls per diseased plant. 

White grubs, myllaphaga spp., were found to be the dominant root feeding-form 
present in raspberry plots in August, 1930. The injuries found on plants in these plots, 
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tlirougli ■which infectioii eommonly occurreclj appeared to he due to gruhs. In pot and 
cage experiments, using inoculated soil, grubs caused injury to raspberry roots identical 
to that found in the plots. Crown gall commonly developed at these grub injuries. 

Cfim'p, a nematode disease of st7'awlerries. A. N. Brooks. 

Crimp, also known as Brench bud, briar bud, etc., has been present in Florida for 
many years. It probably is identical with dwarf plant of Louisiana and red plant of 
England. Apparently, crimp is more destructive in Florida than elsewhere. 

Crimp is fundamentally a bud disease affecting the development of young leaves. 
Affected leaves range in size from mere rudiments to almost normal, are crimped, darker 
green, and more brittle than normal, less pubescent, and usually reddish in places. 

Nematodes, Aplielenclms fragariae, most numerous, vrere found abundant in diseased 
buds, e.g., 7,597 nemas in 31 buds, and practically none in healthy buds, 2 nemas in 30 
buds. These nemas were found to be eetoparasitic, not endoparasitie. 

Uniformly successful inoculations ’were made by introducing suspensions of the 
nemas into buds of healthy plants. Hypodermic-needle inoculations with the filtered 
extract of diseased plants did not produce crimp in healthy plants. Strawberry aphids 
and red spider did not transmit the disease from crimped to healthy plants. 

Warm water treatment of crimped plants, 48° C. for 20 minutes, killed the nemas. 
in the buds and restored the plants to normal growth. 

Control consists of setting clean plants in clean soil and rogiiing. 

Anthracnose of straw'berry caused loy Oolletrotrichiim fragariae, nov, sp, A. N. Brooks- 

Anthracnose, a spot disease occurring chiefly on strawberry runners, and occasion- 
ally on petioles, has been observed in central Florida for the past four years. The- 
disease appears at its worst during the summer rainy season. The chief damage results, 
from the girdling of runners before the young tip plants have put out roots and become 
self-supporting. Some fields have shown a 50-75 per cent kill of young plants. The 
average for the entire area is 2-5 per cent. 

The mature diseased spots are from one to several centimeters long, girdling the 
runners, sunken, brown to black in color, the line of demarcation between the healthy 
and diseased tissue being quite sharp. Under a strong hand lens tufts of setae can 
be observed in profile in the spots. 

The disease has been proved to be caused by a species of Colletotrichum, for whichy 
since it appears different from other described species, the binomial Colletotrichum 
fragariae, nov. sp., is suggested. 

Spraying with Bordeaux mixture 4 - 4 -50 at ten-day intervals has been found greatly 
to reduce the amount of the disease hut, because of frequent rains, does not completely 
control it. 

Melons resistant to poiudery mildew. Ivan C. Jagger, and Gr. W. Scott. 

Powdery mildew (Ilrysiphe eicJioracearuni LeC. t) first appeared in destructive 
form ill the extensive melon, Cncumis melo, fields of Imperial Valley, California in 
1925 and has been more or less injurious every season since, causing particularly heavy 
commercial losses in 1926 and 1930. Since 1926 a large number of melon varieties have 
been tested each season. During the first 2 years only limited resistance was found, but 
in 1928 mixed lots of seed from India gave numerous plants which Were almost immune 
from mildew. These melons were commercially useless, as they had unpleasant flavorsi 
and poor shipping qualities. Crossing the resistant melons with the leading commercial 
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varieties of cantaloupes or niuskmelons, followed by back crossing and repeated selecting^ 
is beginning to give strains of melons which combine the eomniereial and eating qualities 
of the American varieties with the resistance of the plants from India. The long 
growing season in Imperial Valley makes it possible to grow two or three genera, tioiis 
each season. In crosses there is a Mendelian segregation of the mildew-resistance 
character which is at least partially dominant in heterozygous plants. At best 2 or 3 
years more wall be required to purify resistant varieties of good eomniereial types. 

Three new to ilt -resist ant ^'arieties of ivaterQuelons. Duke V. Layton and J. J. WiiiSON, 
Three wilt-resistant varities, Pride of Muscatine (K-S4), lo’wa King (Q23), and 
low'a Belle (Q21)j growm on 30 acres of heavily Fusanium niveum infested soil, produced 
27,000 pounds per acre of marketable melons in 1930. Twenty -three acres of Pride of 
Muscatine yielded 3,111 pounds of seed and showed a wilt resistance, at blossoming 
time, of 70 per cent as compared with 20 per cent in the commercial checks of the var. 
Kleckley Sw’eet. lo'wa King in a six-acre field yielded 804 pounds of seed and showed 
a wilt resistance of 30 versus 5 per cent in the commercial check. Iowa Belle, grown 
on one acre, produced 175 pounds of seed and gave a wilt-resistance response of 80 
versus 23 per cent in the commercial check. Four thousand pounds of seed of the 
above-named wilt-resistant varieties is subject to distribution. 

low’a Belle showed less antliracnose (Collet otriclmm lagenarmm) injury in green- 
house trials and in the field than either Pride of Muscatine or Iowa King when exp)Osed 
to infection. 

Anasa wilt of mimThits. L. Eay Eobinson and B. L. Eichards. 

Squash and pumpkin growing has been completely abandoned in many parts of 
Utah owing to a peculiar wilt, resembling in many respects the cucurbit wilt induced by 
Bacillus iraclieipMlus. Eecent experiments at the Utah station indicate that the wilt is 
not parasitic in nature but that the squash bug, Anasa tritis, is alone responsible for the 
disease. Wilting results in from 24 hours to 16 days, dependent upon the age of the 
plant, the progress of the season, and the number of insects feeding. When wilting is 
not too complete plants uniformly recover upon the removal of insects, and subsequent 
tenninal and axillary growTh is always free from disease symptoms. 

Wilting results only above the point of insect contact whether the petiole or the 
entire stem is exposed to feeding. The rate of wilting and the few insects required to 
produce complete wilting suggest the possibility that a toxic substance injected by the 
insect during the feeding process is involved. All varieties of squash and pumpkins, 
together with the watermelon, cantaloupe, and cucumber, appear equally susceptible. 

The writers suggest the name Anasa wilt of cucurbits. 

Commelina ntidiflora, a nionocotyledonous host of celery mosaic. S. P. Doolittle. 

A mosaic disease, recently the cause of serious losses in Florida, shows character- 
istics differing from those previously reported on celery, although it is not certain that 
a different virus is concerned. The unusual feature of the disease is its frequent 
occurrence on a monocotyledoiious host, Commelina nndiflora, from -which it is trans- 
mitted both to celery and cucumber by Aphis gossypii, the host in question being a 
major source of primary infection to celery in the field. 

The disease is transmissible by artificial inoculation and by A. gossypii, which is 
an important agent in its dissemination. It is transmissible to cucumber, tomato, 
tobacco, pepper and ground cherry, the symptoms resembling those of cucumber mosaic, 
wdth which the celery virus is probably identical. 



1931 ] 


Twenty-second Annual Meeting 


115 


The early symptoms arc a pronounced leaf mottling and a downward, spreading 
curvature of the leaf stalks, some of which develop extensive hrown, sunken streaks 
which are especially characteristic of the disease. The later growth of such plants 
shows little evidence of the disease other than a mild mottling of the leaves and a slight 
dwarfing. The browning of the leaf stalks, however, may reappear at intervals and 
often renders the plant unmarketable. 

Two Soptorias as a cause of late hliglii 07 i celery. L. C. Cochran. 

Two distinct species of Septoria have been shown to be responsible for distinct 
types of the late blight of celery. One causes a large spot, definite in outline, and, 
under conditions of proper humidity, small scattered pycndia develop in the central 
portion of the lesion. This type has been identified wfith the specimens of Briosi and 
Cavara and with the specimens of Chester (Annual Bept. Delaware Agr. Exp. Sta. 4: 
63-65. 1891), which lie named S, apii (Br. et Cav.) Chester. The other species pro- 
duces a small spot, indefinite in outline, which is surrounded and densely crowded with 
black pycnidia. This type has been identified with Dorogin^s species which he found in 
Russia and named 8. apii graveole7itis (Materialye po Mikologia i Eitopatologii Bossii 
1: 57-76. 1915.) 

Both of these forms have been found throughout the United >States, but the type 
producing the smaller spot (8. apii graveoleoitis) is more common and more destructive. 
Eroin experiments which are still in progress, both Septorias have been found to be 
serious parasites of celery leaves but only the small-spot type lias been found to infect 
the leaf stalks. 

Comparative histology of three 'bacterial blights of bea^is in the seedling stage. W. J. 

Zaumeyer, 

The relation of Bacterium phaseoU and Bact. medicaginis var. phaseoUoola to the 
tissues of seedling beans is very similar and the organisms are difficult to distinguish 
except by cultural means. Being Gram-positive and invading the xylem cells to a 
greater extent than those of the parenchyma, Bact. flacciimfaciens is differentiated from 
the other two, which are Gram-negative and invade the parenchymatous tissues more 
than the_ 3 ylem cells. 

Bacterium phaseoU and Bact. medicaginis var. phaseolicola often produce large 
bacterial cavities in the parenchymatous stem tissues in close proximity to the cotyledon- 
ary node, whence they may migrate to the surrounding tissue by ^vay of the intercellular 
spaces. They may also enter the xylem cells, traveling mostly in an upward direction 
and may pass through the entire plant, often causing death of the growing tip. Passage 
of the organisms from cell to cell, either by dissolution of the wall or internal pressure 
in the vascular tissue, is common. 

Similar to the other two organisms, Bact. flacciimfacmis may break out from the 
vascular tissue, causing lysigenous cavities contiguous to the vascular strands from 
which they came, but the organism does not readily migrate into the surrounding 
parenchymatous tissues. 

A wilt of beans caused by Pythium. L. L. Harter and W. J. Zaumeyer. 

A wilt of beans caused by Pythium butleri was observed and the organism isolated 
eoineidentally at Arlington, Yirginia, and Greeley, Colorado, on the Late Stringless 
Green Refugee variety during the summer of 1930. The disease was first observed 
about the middle of July on plants from S to 16 inches in height. Species of Pythium 
have been isolated from beans before, but the disease has never been observed under 
abnormally high temperatures, such as prevailed during the past summer. 
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The earliest symptoms were observed at the soil level. The docay did not extend 
much below this point but rather extended upward into the lower branches of the plant. 
The cortex readily separated from the vascular tissues. The rot was particularly noted 
at the pulvini of the petioles and leaflets. 

A slight flagging of the leaves was first noted in the day time, the plants partially 
regaining their turgidity at night. A day or two later a distinct wilting occurred, the 
plants dying soon thereafter. 

Refugee beaus were successfully infected in the greenhouse and the organism reiso- 
lated. The cheeks remained healthy. Wilting of inoculated plants did not take place 
at ordinary greenhouse temperatures, but, when they were placed in an infection chamber 
at a temperature of about 30°C., it occurred in 3 days. 

Nature of po^v cl ery -mildew injury io snap l)eans in Virginia in 1930. H. T. Cook. 

Powdery mildew caused a loss of over 50 per cent in the fall crop of snap beans in 
Virginia in 1930. Although a fair yield was obtained, considering the dry season, the 
heans were unmarketable after the first picking due to a russeting and spotting of the 
pods by the powdery-mildew fungus. Observations indicate that the disease was less 
severe on the Refugee than on the Bountiful and Wax varieties. 

Correlative studies on the bacteriology of bean mosaic and seed transmission of the 

virus. Ray Nelsok. 

Isolations from cage- and field-grown beau plants in 1930 gave the following re- 
sults; from apparently healthy plants — 29 negative cultures from cage-grown Great 
Northern; 39 negative cultures from cage-grown Robust; 28 negative cultures from 
field-grown Refugee; 45 negative cultures from field-grown Refugee plants that 
developed secondary symptoms of mosaic. Prom field-grown mosaic Refugee plants 
diseased from seed 56 isolations yielded 27 cultures of micrococci distributed irregularly 
to the young seed. Prom rugose mosaic Refugee plants 56 isolations gave 18 cultures 
of micrococci, 13 cultures of Rickettsia, 21 negative cultures and 2 gross contaminations. 

In a study of the progeny from 50 mosaic plants diseased from seed the distribution 
of mosaic in the seedlings seems to correspond with the irregular distribution of the 
micrococci to the various seeds of the pod. These studies suggest that the virus is 
localized in the plant and that its irregular distribution to the seed is due to this locali- 
zation and to a vascular portal of entry to the ovules. A study of the vascular anatomy 
of the pod affords supporting evidence for this hypothesis. 

The use of fertilisers in reducing losses from pea-root rot caused by Ap'hanoniyc.es 

euteiches. C. M. Haenseler. 

The incidence of the pea root rot caused by Aphanomyces euteiches was delayed and 
the injurious effects on the host greatly reduced by the proper use of fertilizers. 

Plots receiving 2,000 pounds per acre of a complete fertilizer gave 72.7 per cent 
increase in plant height and 111.5 per cent increase in yield. An application of 1,000 
pounds per acre gave 41.8 per cent increase in size and 89.3 per cent increase in yield. 
The apparent severity of root rot on these plots by July 1 was rated zero for the 2,000- 
pound application, medium for the 1,000-pound plots, and very severe on the unfertilized 
plots. In another test, yield increases of 94 to 206 per cent on Aphanomyces-infested 
soils resulted from different fertilizer treatments. It was evident in all these tests 
that mncli of the increase in yield was due to retardation in development of the disease. 

Greenhouse tests have shown that all the principal fertilizer salts tend to retard 
the development of the disease or decrease the percentage of infection. Nitrate of soda. 
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sulphate of ammonia, and muriate of potash were more effective in this respect than 
superphosphate. 

Bottom rot of caloloage caused loy Corticium vagiim. G. F. Webee. 

A destructive and apparently undeserihed disease of cabbage was observed in several 
fields in the vicinity of Gainesville, Florida, during the winter of 1930. The disease 
was most prevalent in low fields and in wet places in other fields. On individual plants 
the first symptoms are a browning and dying of the leaves at the basal portion of the 
head. If the plant is attacked early, the fungus grows rapidly into the head. If the 
head is older and compact, the fungus grows over the outer leaves, killing them. These 
leaves are detached and often shed or may remain, giving the head a brown and bald 
appearance. 

The disease is apparently a further development of wire-stem, in w^hieh the fungus 
grows up the stem under humid conditions and attacks the more succulent tissue of the 
leaf blade. The fungus was observed in the fruiting stage on the host and it compared 
favorably with Coi'ticium 'vagum. Inoculations made from pure cultures resulted in the 
reproduction of the disease on potted plants in the greenhouse. 

Bndohydrosis of forcing cucumloers and its control. Eay Nelson. 

A disease of forcing cucumbers characterized by increased hydrostatic pressure, 
severe water-logging of the leaf tissues, bronzing of the leaf veins, and a general chlorotic 
and unthrifty condition of the plant has been prevalent in a S-aere planting at Grand 
Eapids for the last 3 years. In 1929 the disease was responsible for a crop failure. The 
leaf spotting usually appears after the first pruning and is most severe during cloudy 
weather when transpiration is checked. The spotting of the leaves is due to the forcing 
of water into the intercellular spaces. Shortly after removal from the plant the leaf 
regains its normal appearance. 

This disease apparently is associated with the use of excessive amounts of hen 
manure as a source of organic fertilizer. Heavy applications of this material are 
applied yearly to the soil which is then steam-sterilized for four hours. After the first 
pruning the leaf spotting increases up to the time the fruits begin to set, when this 
symptom becomes less pronounced. The plants soon become chlorotic and unproductive. 
Supplementary applications of mineral fertilizer, lacking nitrogen but high in phosphates 
and potash, have given satisfactory control. 

UndesGTi'bed symptoms of mosaic in Porto Eico ioloacco. Melville T. Cook. 

Small black spots resembling those caused by fungi have been observed on the old 
leaves of tobacco since 1923. No cause was discovered until the winter of 1929-30 when 
it was found that they occurred on the old leaves of mosaic plants and that they w^ere 
formed in a very few hours and during the night. Mayer, in 1886, described spots of 
this kind, hut of course it is impossible to say that they are the same. In 1890 Iwan- 
owski and Poloflzoff declared that Mayer had confused two diseases and described these 
spots under the name of ^ ^pokenkrankheit.^" 

These spots are as abundant in the green as in the chlorotic areas but the pattern 
usually disappears before they are formed. Cytologieal studies indicate a rapid disin- 
tegration of one or more palisade cells which spreads to the mesophyll. The final stage 
is the collapse of the epidermal cells. 
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Four appareyitly lindescrihed jnosaics which go to iohacco. H. H. McKiFNEif. . 

1. A concentrate 3. yellow mosaic is mild to medinm-intense and piodnces a lacy 
type of mottling on tobacco. It does not go to tomato and tomato is not a caiiiei. It 
is medium-intense on JSficotiana, glauca. 

2. Another concentrated yellow mosaic is very intense and on tobacco and tomato it 
is indistinguishable from the yellow type previously described. On A . glauca the new 
type is very severe^ whereas the previously described one is very mild or does not appear, 
and its virus is not completely systemic. 

3. A green mosaic with a trace of a yellow type is practically indistinguishable from 
the common mosaic on tobacco. However, on N', glauca it is consistently more intense 
than the latter. All the above viruses are highly potent over long periods and have high 
thermal-destrnction points. 

4:. Another green mosaic which is free of yellow is mild on tobacco. Mottling is 
most pronounced on the npper 10 leaves, fading later, causing characteristic premature 
yellowing on the older leaves. The mottling is unusually pronounced on tomato. It does 
not go to AT glauca. The potency of the virus is low and of short duration, being 
inactivated at comparatively low temperatures. 

Epi'phytology of tohacco mosaic m North Carolina. Predeeici^ A. Wole. 

A study has been made during the past three seasons to determine by epipliytotie 
methods: (1) How true tobacco mosaic survives the winter in North Carolina; (2) by 
what agencies it is introduced into seed beds and into the fields; (3) by what agenciewS 
it is disseminated in the fields; (4) what factors govern its rate of spread and its 
severity; and (5) the applicability of methods of prevention and control. Observations 
were made on 465 seed beds, 85 of which were mosaic. Two hundred and twenty-nine 
fields were examined at intervals of approximately two weeks. At the beginning of 
harvest the average percentage of infection in these 229 fields was 22.7, approximately 
eight times as great as at the time when the plants had become established following 
transplanting. By the end of the harvest, the percentage of infection was approximately 
95. The primary agent of introduction of the mosaic into seed beds and of dissemina- 
tion in the fields is man, himself. Mosaic survives the winter, in fields, in the stubbles. 

Further studies on virus purification. H. H. AIcKinney. 

Green mosaics from twenty-four sources have been studied on tobacco and related 
species. All but two of these contained traces of yellow mosaic when collected. In one 
mixed case the green tyire has been freed of the yellow type by successive dilutions and 
inoculations. 

These yellow-free green mosaics are distinct from the common type occurring on 
tobacco and no difficulties have been encountered in keeping them free from yellow 
mosaic. 

Yirus of the common mosaic of tohacco has been subjected to dilution tests, chemical 
and physical treatments, and to tests on various hosts to eliminate the trace of yellow 
mosaic. All methods have failed and it is considered that we are dealing with a ''virus 
complex.’^ 

Leaves from diseased plants grown near 27° G. with continuous light from Mazda 
lamps in soil of not too high nitrogen content yield virus extracts low in solids and 
soluble pigments and high in virus potency. The extraneous solids and soluble mate- 
rials have been removed from these by centrifugation, combined with temperature coagu- 
lation, with less difficulty than is usual with extracts from plants grown under ordinary 
conditions. 
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Local lesions of viosaic in Nicotiana taibacum. Erancis 0. Holmes. 

It has been commonly believed that leaves of Nicotiana tabaeum never shov\ local 
symptoms when inoculated with the virus of typical tobacco mosaic^ and that symptoms 
appear only on leaves developing after inoculation. During the past three summers, 
however, yellowish local lesions have been observed and studied in green leaves of 
Turkish tobacco inoculated with tobacco-mosaic virus. These yellowish lesions proved 
to be sources of virus in high eoneentrations before near-by green areas furnished mea- 
surable amounts. The distribution of starch was abnormal in the affected areas. Leaves 
stained in iodine showed conspicuous patterns, which indicated the numbers and positions 
of points of entrance and multiplication of the virus. 

Plastid ingment and cJiloropJiyUase conte7its of tobacco plants as influenced by three 

types of mosaic. P. D. Peterson, 

The chlorophyll, carotin, and xanthophyll contents are lowered in tobacco leaves 
with mild dark green, light green, and intense yellow mosaics. The greatest reduction 
of all three pigments resulted from the yellow type and the least from the mild dark 
green type. 

The ehlorophyllase content of leaf tissues was greatly increased by the intense yellow 
mosaic in comparison with normal leaves. On the contrary, the ehlorophyllase content 
of leaf tissue yellowed from age or nutritional disturbances was less than that of normal 
leaf tissue. 

The chlorophyll content and ehlorophyllase activity of normal leaf tissue seemed to 
be directly correlated, i.e., the greater the chlorophyll content of the tissues, the greater 
the elilorophyllase activity. The reverse was true for mosaic-diseased leaf tissue; the 
light green or yellowed tissues, though lower in ehlorophyH content, were higher in chloro- 
phyllase than were the darker green leaf tissues. 

There 'was a progressive decrease in both the chlorophyll content and the chloro- 
phyllase activity of leaves from the top to the base of normal plants. Pith and root 
tissues were devoid of chlorophyll and evidenced little or no chlorDphyllase activity. 

^Resistance of monocotyledonous plants to Pliymatotricliiim root rot. J. J. Taiteenhaus 

and Walter N. Ezekiel. 

Boot rot caused by PhymatotricJium omnivorum attacks more than 500 cultivated and 
noiicultivated species of plants. Monocotyledons have generally been considered resis- 
tant, although Pbymatotrichum strands were sometimes observed on their roots when 
near other infected plants. King and Loomis, however, consider presence of strands as 
evidence that date palms, Johnson grass, Bermuda grass, and sorghum are hosts of root 
rot. Corn and cotton plants, in alternate hiUs, were iiioeulated with fresh cotton-root 
inoculum. Only the cotton plants sueeumhed to root rot. Depressed, deep brown lesions 
were found on roots of check and inoculated corn plants. Isolations from diseased 
cotton roots yielded typical Phjmato trichum growth. Isolations from the corn-root 
lesions and similar lesions on roots of sorghum, Johnson grass, corn, and other gramin- 
eous crops from root-rot-free or infested areas failed to yield any Phymatotrichum. 
Lesions of this sort are common in Texas on roots of gramineous plants. Other mono- 
cotyledons including canna, ealadium, date pahn, iris, tuberose, gladiolus, tiger lily, and 
iiutgrass have been grown beside cotton plants and iiioeulated with root rot. Infection 
occurred only on the cotton. These experimental evidences suggest that monocotjledon- 
ous plants are not hosts to Phymatotrichum root rot. 
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Nutritional studies on FliymatotricJiihni omnivorum. Walter N. Ezekiel, J. J. Tauben- 

HAUs, and J. P. Pudge. 

JPJiymatotricJium oninivo 7 'um grows raaclily in synthetic media, even the sclerotial 
stage developing in cultures in which the source of nitrogen was ammonium nitrate and 
that of carbon dextrose. Heaviest growth was secured with a relatively large supply 
of dextrose and a lesser amount of some source of nitrogen (growth with ammonium 
nitrate ivas more than wuth peptone ^ urea ^ glycine ]> asparagin ^ potassium nitrate 
^leucine ^ammonium sulphate). Phosphate was essential, also potassium or mag- 
nesium or possibly both. Iron, chlorine, and sulphate rvere omitted without significant 
change. Growth curves at 28—29° C. reached a peak in 5 weeks with a substratum high 
in dextrose and in 3 weeks with one of low dextrose content. The media became increas- 
ingly acid as colonies increased in weight but tended toward alkalinity, wath subsequent 
degeneration of the mycelium. 

In a single series, growth was approximately the same in a complete synthetic 
medium as with addition of autoclaved extracts from roots of corn (resistant to root 
rot) or of cotton (susceptible to root rot). Growth wms slight but greater with cotton 
than with corn extracts diluted in -water. In undiluted, nltrafiltered cotton-root extract 
growth appeared more successful than in a similar corn extract. 

The resistance of Malvavisons consattii (ar'boreus) to FliymatotricJmm root rot. W. J. 

Bach and J. J. Taubenhaus. 

Plants of the Malvaceae family, such as cotton, okra, and the common Hibiscus 
(Hihisci/s rosae-sinensis L.) are considered very susceptible to root rot caused by 
FliymatotricJmm omnivorum. On the other hand, Malvaviscus consattii (ar’boreus) , 
commonly known as the Tnrk’s-cap Hibiscus, one of the Malvaceae, appears to be an 
exception. This perennial, woody shrub is grown extensively in the lower Eio Grande 
Valley of Texas as an ornamental. It has been under observation for the past eight 
years, and, although continually growing adjacent to or mixed with other susceptible 
hosts, was not found dying from Phymatotrichuin root rot. 

Eepeated artificial inoculations of Malvaviscus consattii (ar'boreiis) with pure cul- 
tures or with the method reported elsewhere, failed to kill a single well-established 
plant. Work is now in progress to determine whether resistance is due to possible 
morphological differ enees or to some physiological nature inherent in the host. 

Development of root rot in cotton planted at different dates. B. P. Dana and II. E, 

Eea. 

At Texas Siihstation Ho. 5, Temple, Texas, during the 1928 season seven dillerent 
cotton varieties, ranging from early to late, w^ere each planted at seven dates: March 
15, April 1 and 15, May 1 and 15, and June 1 and 15. Eoot rot appeared at about the 
same time and increased at nearly the same rate in cotton of the first four planting 
dates with no differences attributable to varieties. Eoot rot was delayed in appearance 
in the June plantings. The total amount of disease at the end of the season was appre- 
ciably lessened only in the June 15 plantings. These results indicate that factors other 
than earliuess in the crop govern the time of appearance and rate of development of 
root rot in cotton. The experiment was repeated in 1929 and 1930 with three varieties 
planted at three dates. While the disease was less in late-season plantings, yields were 
unsatisfactory due to drought and insects. It appears that factors favorable for the 
cotton crop are also favorable for the disease, making it difficult to manipulate the plant- 
ing date in the control of the root-rot disease. 
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Cultural and inomilation e.xperiments with Taphrina Totentillae. Ella M. Marthst. 

During' tliB sumiuBr of 1928, a number of cultures of Taphrina Poteniillae were iso- 
lated from plants of PotentiUa canadensis growing in the vicinity of Ithaca, New York. 
This organism causes leaf spot of P. canadensis. Cultures of T. Poteniillae on potato- 
dextrose agar are pale pink, glistening and opaque, and in appearance are very similar 
to those of T. Johans onii, T. mirahilis, T. coerulescens , and T. deformans. Cultures of 
T. Poteniillae were brought to Greensboro, North Carolina, where they were used in in- 
oculating plants of P . canadensis. Inoculation of 38 plants out of doors in March, 1929, 
and of 16 plants out of doors in March, 1939, produced respectively 50 per cent and 75 
per cent of infection. A number of other plants of P. canadensis were inoculated with 
the same cultures in October and November, 1928 and 1929, but no infection resulted, 
though some of these plants were grown all winter out of doors under cheesecloth and 
others were grown in the laboratory. 

Cytologieal studies of Taphrina Poteniillae showed that the development and 
budding of the ascospores are similar to those reported for T. coryli and other species of 
Taphrina. Ascospores of Taphrina Poteniillae were found to conjugate in drops of 
potato-dextrose agar, Sabouraud’s agar, decoction of PotentiUa leaves, and dextrose agar 
made with PotentiUa leaves. 

Progress of Pusarmm wilt inside the rhizomes of hanana plants. P. L. Wellman. 

Trne stems of Gros Michel bananas are bulbous rhizomes with short, horizontally 
borne, midergronnd stolons. Branches have terminal buds which produce the aerial 
pseudostem, leaves, and stalk of fruit. Clumps or ^^mats^’ of connected plants come 
from a seed bit cut from a rhizome. Fusarium eiihense is a vascular parasite producing 
distinct, readily recognizable, discolored water-conducting tissues. A banana mat be- 
comes infected through uninjured roots or 'wounds in rhizomes and the disease spreads 
from plant to plant through underground connections. In dissected rhizomes it is pos- 
sible to trace the course of the disease many months after infection. It spreads most 
rapidly inside the rhizome stele, occurring typically at first on one side next to the endo- 
dermis. It progresses most easily towards the growing point of the rhizome and from 
plant to plant in the mat through six generations before symptoms appear in the plant 
above ground. Buds on the rhizome side affected by the disease are stunted but the 
undifferentiated tissues are not involved except in vei-y extreme cases. Individuals w^ere 
found in which Pusarium was recovered in pure culture from roots, rhizome, and leaf 
isheaths, but not in the fruit stalk attached. 

Corm treatments for gladiohis and calla lUy. Paul E. Tilford. 

Various formaldehyde and mercury treatments have been tried on gladiolus corms 
ill an attempt to find a simple and effective measure for controlling scab {Baoterium 
margmatum) . The standard treatment, soaking for 2 hours in HgCL, 1-1000, is diffi- 
cult when large quantities of many varieties are treated. 

PoTinaldehyde dusts and hot formaldehyde treatineiits proved ineffective and re- 
tarded flower and corm production. Acidulated HgCL, 1-500, treatments for 5, 10, and 
15 minutes were ineffective. Calomel suspension, 1 pound to 2-1 gallons of water proved 
very effective. Semesan solution, 1 per cent, for 7 hours, controlled scab and stimu- 
lated corm production but caused plants to flower later. Organic mercury compounds 
containing ethyl mercury chloride proved very injurious, a high percentage of the corms 
were killed, floAvering delayed several Aveeks, and scab Avas not satisfactorily controlled. 
BaA'Cr-Semesan compound 694 appears to have possibilities as a short, effective treat- 
ment. 
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Ths Phytophthora root rot of the white calla lily has been very destructive in Ohio 
for the last 2 years. Extensive conn-treatment experiments are under way and prelimi- 
nary results are promising. 

To'Wdery mildew of red clover. Cecil Yarwood. 

The powdery mildew of red clover, Erysiphe polygo7ii, is readily carried in culture 
on excised red-clover leaflets removed in the late afternoon and fLoatecl on a 6 per cent 
sucrose solution in Syracuse watch glasses. Growth of the parasite is favored ley an 
abundant carbohydrate content of the leaflet. The incubation period is about 6 days. 
In field plots of equally spaced clover plants of all degrees of susceptibility, a correla- 
tion was established hetween mildew severity and yield. A wide range of resistance 
and susceptibility was found in seed from the same parent. Two physiologic forms of 
red-clover mildew have been separated which differ very markedly in their reactions on 
certain individual plants. As high as 97 per cent germination of spores has been ob- 
served. The spores are relatively resistant to the action of certain chemicals but sensi- 
tive to sulphur. Germination may occur in a relatively dry atmosphere, although some 
of the spores and germ tubes may collapse after germination. The germ tubes are nega- 
tively phototropie. Spores showing little or no germination can sometimes he stimu- 
lated with sucrose solutions to relatively high germination. On the leaflets of a resis- 
tant host, reduced germination often occurs. 

(Cooperative investigations between the Office of Forage Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, and Botany Department, 
Purdue IJniversity Agricultural Experiment Station.) 

The comparative value of checMng and drilling m the co7htrol of Cercospom leaf' .spot 

and yield of sugar beets. I. E. Melhus and Edgar F. Vestal. 

Experiments conducted in the field have shown that Cercosjoora leaf -spot mfeetion 
is markedly influenced by humidity. Sugar beets are normally thinned to 12 inches in 
the row, but by increasing this spacing to 20 inches in checked beets the humidity was 
reduced from 3 to 10 per cent, soil moisture increased about 1 per cent, evaporation in- 
creased 3.6 cc. per day, and the -wind velocity increased 10 feet per minute over the nor- 
mally spaced beets. These factors all tend to decrease leaf spot and to increase yield, 
as is evidenced by the fact that normally thinned beets contained six times as many 
naturally occurring infection centers and 1,960 pounds of beets per acre less than the 
checked beets. Analyses of sugar beets from both types of thinning showed a purity 
of 82.5 and a sugar percentage of 14.56 for the checked, compared to 80.5 and 15. (>1 for 
the drilled. However, the increased tonnage of the checked beets more than offset the 
increased sugar percentage of the drilled. 

Checked beets, thinned to one double every other place, and every third place, yielded 
33,184 and 33,679 pounds per acre, respectively, as compared to 32,788 and 29,745 pounds 
per acre, respectively, for checked beets thinned to one to a place and normally drilled 
beets. Doubles did not reduce the yield. 

Alfalfa mosaic. — L. Weimer. 

The oeciirrence of a mosaic of alfalfa lias been reported on different occasions to 
the Plant Disease Surve^^, IT. S. Department of Agriculture. It is believed that these 
reports have been the records of field observations only, So far as the writer is aware, 
the existence of a transmissible mosaic of alfalfa heretofore has never been proved ex- 
perimentally. A mosaic disease of this plant occurs commonly in California and has 
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been sliown to be readily transmissible by aphids (Illinoia pisi). Thus far efforts to 
transmit it meehanically have failed. Evidently the same disease has been found in 
Wisconsin recently by E. E. Jones who sent affected plants to the writer for comparison 
with California material. The disease is most prevalent during' the cooler parts of the 
year and is especially abundant in the spring before the first cutting. The losses caused 
by this disease are very small. So far as observed, affected plants are never killed, the 
damage being limited largely to a slight amount of dwarfing in the most seriously 
affected plants. The host range of the virus causing this disease is yet unknomi. (Co- 
operative investigations betw'een the Office of Eorage Gtoids and Diseases, Bureau of 
Plant Industry, XT. S. Department of Agriculture, and the California Agricultural Ex- 
periment Station.) 

Varietal suscepiihility, distrihuiion, and coritrol of yellow divarf of onions. W. J. 

Henderson. 

Yellow dwarf of onions is a transmissible virus disease overwintering in the sets 
and mother bulbs. Pield tests in 1929 and 1930 on 35 onion varieties show that the 
Sweet Spanish varieties possess a high degree of tolerance but are not suited to Iowa 
conditions. This disease apparently is not localized in Iowa. Inoculations from speci- 
mens collected by N". J. Giddings show that it occurs in West Virginia. Giddings has 
supplied photographs taken in 1916 of 'what appears to be yellow dwarf. In the autumn 
of 1929, L. D, Leach sent specimens from California which proved to contain the yellow- 
dwarf virus. 

Indexing onion sets and isolating the set plots have reduced the amount of yellow 
dwarf in the Pleasant Valley district from 45 per cent in 1928 and 20 per cent in 1929 
to 1 per cent in 1930. It is believed that this disease is entirely amenable to control 
by the methods utilized. 

The greenhouse method of indexing sets is being replaced by a water-culture nietliod, 
in which the sets and mother bulbs are grown on a coarse wire screen resting on the 
surface of a dilute nutrient solution. This method indicates the amount of infection as 
well as the greenhouse method and can he carried out under ordinary home conditions. 

Virulence of attenuated curly-top virus restored by Stellaria media. C, F. Lackey. 

The virulent form of curly -top virus, attenuated by passage through nettle-leafed 
goosefoot, Clienopodmm murale, is restored to approximately its original virulence by 
passage through chickweed, Stellaria media. The following results are representative of 
those Avhich demonstrate this fact: 


Kind of virus 

Number of beets 
inoculated 

Per cent 
diseased 

Average incubation 
period in days 

Severity of 
symptoms 

Original 




i 

(\urulent) 

65 i 

' 64 

9.5 

Severe 

Attenuated 

83 

25 

13.1 i 

Very mild 

Eestorecl 

no 

74 

9.9 

Severe 


The symptoms produced by the restored virus w'ere indistinguishable from those pro- 
duced by the original, virulent virus. These consisted of severe dwarfing and distortion 
of the leaves. The attenuated virus by contrast produced very slight dwarfing and dis- 
tortion. 
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CMek-weed is probably not an important factor in restoring the virulence of the virus 
in nature because it grows in moist and shady places which are \infavorable for the beet 
leaf hopper, JSuiettix tenellus, the vector of the virus. 

Vilaiee, Erodium cicutariumj however, is a very important host for the leaf hopper 
in California during winter and early spring. It also plays an important role in tlie 
overwintering of the virus. Investigations are now in progress to deteraiine its effect 
on the attenuated virus. 

Eew viTiis diseases in Porto Pico. Melville T, Cook. 

Brief descriptions of six unreported virus diseases follow. A mosaic of Crotolaria 
striata dwarfs the plant and reduces seed production, but it is not carried in the seed, 
A rare mosaic of Commelma longicaulis appears only when the plant is making a vigor- 
ous growth and does not injure the plant. A bunchy top of Papaya cariea appears to 
he due to a \nrus. It is very destructive hut easily eradicated. A variegation of Ahu- 
tilon Mrtum is quite common. It dwarfs the plant to some extent and reduces seed 
production, but it is not carried in the seed. A variegation of several species of Sida 
may be due to the same virus. A mottling of the leaves of several species of mulberry 
appears to be due to a virus. It can be transmitted by scions. 

The effect of iiltra-violet radiation %po7i representative species of Fiisarhm. Alice A. 

Bailey. 

Ultra-violet radiation has been found effective in increasing the amount of sporula- 
tion and the percentage of macrospores produced in the various species of Fusarium 
eansing hulb rot of onions. Strains which usually produce mostly inicrospores in arti- 
ficial culture produce abundant normal macrospores after radiation. In the ease of a 
strain that had never iirodneed any spores in culture during the 4 years succeeding isola- 
tion from a decayed bulb, maerospores were produced in abundance after radiation. 

Because of its value in the work on taxonomy of onion Fusaria, radiation has been 
tried on some 25 species of Fusarium, representing all hut one of the sections, in the 
hope that maerospores could he produced in such species as ordinarily produce only 
microspores in pure culture. In most instances radiation increased the total number of 
spores and the i:)ercentage of maerospores, where macrosjpores are characteristic of the 
species. In some few cases radiation reduced the number of spores. Some filters are, 
more effective than others in screening out rays of detrimental wave lengtli and per- 
mitting advantageous rays to pass through. 

Plant extracts and fungi. II. Bean extracts in relatio^i to Colletoirlchuin Unde- 

mtithianum. E. S. Eeynolds and B. S. Miller. 

Extracts w^ere made from bean plants which had been dried artificially at about 
80° G.j and then ground to a fine powder. An amount of water equivalent to the water 
content of the growing plants was used and mineral salts and glucose -were added. 
Liquid cultures made with these undiluted extracts from certain varieties of young bean 
plants have been found to prevent growth of Colletotrichu^n linde7)mthimvmi. Agar 
plates made with similar extracts supported a slowly developing growth of the fungus. 
Check cultures, having ixiinerals and glucose in the same proportions as used in the bean- 
extract cultures, produced a good growth of the fungus. Preliminary studies indicate 
varietal differences in quantity of toxic action. 

A destructive fungous disease of the corn 'borer. C. L. Lepebvre. 

During the past year an epidemic of Beauveria Bassia^ia on larvae of the corn borer 
was observed in the European Corn Borer Laboratories at Arlington, Massachusetts, the 
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mortality among the larvae arising as high as 90 per cent in lots imported from Man- 
churia. 

The oeeurreiice of B. Bassiana, to the writer ^s knowledge, has never been reported 
on the corn borer in the United States. In laboratory experiments, 100 per cent larval 
mortality is obtained within two days when inoculated with eonidia of B. Bassiana, 
while ill experiments with B. glo'buUfera, which is common in the United States, only 4= 
larvae were killed in seven trials of 10 larvae, each. Preliminary field tests were made, 
in which spores of B. Bassiana were dusted on eorn-borer-infested fields. These trials 
indicated that at least a partial control of the corn borer can be obtained. The disease 
is first noted by the infected larvae turning pink from which the malady gets 
its name the Pinh Disease. The larvae soon become mummified, and after a few days 
a white mycelial outgrowth is evident, which turns to a creamy, powdery mass, due to 
abundant spore formation. 

B. Bassiana on artificial media is characterized by a fiat, mealy, pulverulent growTh, 
forming eonidia in abundance wfithin several days. B. glohulifera on artificial media 
produces an elevated, cottony, fioceose growth, not forming eonidia for several weeks. 
In Van Tieghem cells, spores of B. glo’buUfera produce much more extensive germ tubes 
which branch profusely throughout the droplet as compared to B. Bassiana. On artificial 
media, B. Bassiana does not readily lose its virulence. 

Sclerospora hutleri, a new species from Nyasaland. W. H. Weston, Jr. 

The fungus was found on the wild grass, Bragrostis aspera, among tobacco plant- 
ings at Bulaki, Nyasaland, South East Africa, by E. J. Butler, It is characterized by 
the fact that the oospores (17 to 25 p, diam.) are smaller than any yet kiiowm, while the 
surface of the dark amber oogonial w'all instead of being roughly patchy or ridged, 
angled and polygonally-faeed as in other species, is marked by pallid, rounded pro- 
trusions 2 to 3 p broad and 2 to 5 p high. 

The host shows the well-knowm shredding of the leaves which are infested by the 
resting spores only. The conidial phase is being sought to determine whether it pro- 
duces zoosporangia germinating by zoospores as in typical Sclerospora graminicola or 
eonidia germinating by hypliae as in other species. 

As yet the fungus is known only from this collection on this grass, but the host has 
a wide range, occurring throughout Africa even to elevations of 2,000 meters and extend- 
ing into southern India. 

The Dutch elm disease in Ohio. Curtis May, O. N. Liming, and Thelma Alexander. 

Five eases of the Dutch elm disease were found on American elm in Ohio during the 
past summer. Symptoms were a wilting of leaves and new growth followed sometimes 
by yellowing and defoliation and at other times by browning of leaves. One or more 
annual rings showed a spotted browmisli discoloration. Yerticillium wilt of elm, be- 
cause of similar field symptoms, can be distinguished from the Dutch elm disease only 
by cultures. 

The fungus, isolated from roots, trunks, and twigs was culturally and morphologi- 
cally similar to that described for Graphium tilmi, Buisman confirmed this identifica- 
tion, and Koch’s rules of proof were satisfied. 

In culture the colonies enlarged most rapidly at pH 4. 8-5.9 and from 19° -3 7° C. 
They were yeast-like at pH 7.4-8. 4. 

Mycelium of the fungus was found abundantly in the tracheae, wood parenchyma, 
fibers, and wood rays of inoculated trees, but in naturally infected trees it was not 
common and was found only in the tracheae. It is intra-cellnlar and apparently passes 
from cell to cell through the numerous pits. 
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]\^ew methods for deiermmwg rate of decay hehind cavity fillings in trees. W. Howard 
Eaitkin. 

Cavity methods should be judged by the subsequent rate of decay because complete 
eradication of the fungus is probably rarely accomplished and often unwarranted. 
Wound decays, naturally sealed in by callus growth, are known to be arrested. An 
effective cavity treatment should accomplish the same result if it seals the opening. 
Initiating decay in small cavities dug in sound wood by imbedding blocks of ■wound- 
decay material has been attempted in an extensive series in oaks and maples. To study 
the fundamental factors, apparatus has been installed in filled cavities which makes 
possible the insertion and withdrawal of pure-eulture material without disturbing the 
filling or callus. This apparatus also provides for the analysis of the gases in the 
wood. The carbon dioxide content of trees and of the wood behind various types of 
fillings is being studied as the possible factor accounting for the cessation of decay in 
closed wounds. The X-rays have been used successfully to show accurately slight 
amounts of decay in living trees. Badiographs provide a means of annually recording 
the rate of decay behind fillings of different types not only in experimental cavities but 
also in those of unknown previous histor^^ 

/use of ocoides of nnsat^irated hydrocarl) ons for the eradication of harherries and other 
pests. E. B. Harvey. 

Practical applications have been made of ethylene oxide and propylene oxide for 
killing barberries, gooseberries, and other noxious plants. Ethylene oxide diffuses well 
in soil and into the plant, producing death in one or two weeks. The stem tissues blacken 
and leaves fall ofi, indicating death of the plants. A ‘'depth charge’’ is injected by 
means of prod rod provided with a measuring chamber. With this “gopher stick” a 
measured charge is injected into the soil beneath the plant, nsing the pressure of the 
ethylene oxide directly from the tank, or a solution of ethylene oxide in water can be 
injected from the usual knapsack sprayer. 

I 

Corynose twig hlighi of the American hladder mit. W. H. Davis. 

During 1929~30, a severe twig blight of the American bladder nut, Staphylea 
trifolia L., was observed in Massachusetts. Some of the smaller shrubs were killed 
while half the current year’s growth of others -was destroyed. 

During April, 1930, nionosporous cultures of the associated fungus were made and 
incubated on steamed oat-meal, steamed yellow corn-meal and potato-dextrose agars. 
Conidia and mycelium from these cultures were employed in making inoculations during 
May and July. Infections showed that the fungus was pathogenic and liyphae entered 
through meristematie tissues of twigs at the tips, nodes, or leaf axils. 

The fungus some-vvliat xesemhles Coryneum micro stictiim. Conidia were sub-pyri- 
foriuj dxlSp. (Saccardo,* 5-6.5 x 15-17 p) ; apex obtuse, 4 loculi, lowest loculus sub- 
hyaline,- those above, honey-color; conidiophores, filiform, hyaliiie. However, these dif- 
ferences were noted; stroma present, not absent or obsolete; conidiophores, 1.3x19, not 
1.5 X 20-25 ii. iStaphylea trifoUa is an nnreported host. The classification suggested 
for the fungus is: Corynemn inicrostictmn B. and Br. variety, staphyleae. 

,A survey for stiiiking smut in wheat. E. J. Haskell, E. C. Eose, W. E. Brentzel, 
E. A. Walker, and Waldo Kidder. 

An examination of 814 wheat fields comprising 66,729 acres in 17 counties of Min- 
nesota, the Dakotas, and Montana, in 1930, has shown that 62 per cent of the spring- and 
92 per cent of the winter -wheat growers treated their seed. The average percentage of 
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smut was: spring wheat treated 2, untreated 4, total 2.8- winter wheat (110 fields in 
Montana) treated 5.9, untreated 24,8, total 7.4. 

Formaldehyde was used on 74 per cent of the spring and 25 per cent of the ivinter 
•wheat; copper carbonate on 20 per cent of the spring and 55 per cent of the winter. 

The percentages of smut in spring wheat following different treatments were: 50 
per cent copper carbonate wdth machine, 0.3; 20 per cent copper carbonate, commercial 
machine, 0.5; formaldehyde, machine, 0.9; 20 per cent copper carbonate, home made 
machine, 1.1; Ceresan, machine, 1.3; Ceresan, shoyeled, 1.3; formaldehyde, dip, 2.0; 
formaldehyde, sprinkle, 2.1; 50 per cent copper carbonate, shoveled, 3.2; 20 per cent 
copper carbonate, shoveled, 4.6. Winter wheat results were comparable. Spring wheat 
treated annually had 1.4 per cent, smut; not treated annually, 4.7 per cent. The leading 
spring wdieats showed the following percentages of smut in untreated fields, Ceres 9, 
durum 7, Marquis 4, Huby 2, Marquillo trace, all hard red spring 'wheats 2.7, all 
durums 2.9. 

^Effect of time a7id rate of application of seed disinfectants on oats and wheat, Ben- 
jamin Koehler. 

Tests Avere conducted for 2 years with formaldehyde dust (Smuttox in 1929, Corona 
Oat Dust in 1930) on 2 varieties of oats. Treatments made 3 months, one mouth, and 
one week before seeding all caused reductions in yield of grain as compared with treat- 
ments made one day before seeding, the depression being in proportion to length of 
time. Treatments made with Ceresan 3 months or one month before seeding also caused 
some depressions in yield. 

On smutty seed, all these treatments, hOAvever, caused increases in yield ranging 
from 0.7 to 10.7 bushels for formaldehyde dust and 3.9 to 14.9 for Ceresan, according 
to time of application. On seed nearly free from smut the long-time treatments caused 
a loss ill yield. Three ounces per bushel controlled oat smut better than 2 ounces. 

Ilred wheat was treated with copper carbonate, extended copper carbonate, Ceresan, 
and other materials during the last 2 years. The seed contained some Gibberella infec- 
tion both years, but no bunt infestation. Significant increases in yield ranging from 
2.4 to 11.7 bushels per acre were obtained with the compounds named. Two ounces per 
bushel of any one of them proved just as effectwe as 3 ounces. 

Wheat diseases in Tennessee. C. D. Sherbakoff. 

Sulphur dusting for the prevention of a hlacJc chaff of wheat. F. J. Greaney. 

In testing the effectiveness of sulphur in controlling leaf rust Fiiccmia triticina 
Eriks., and some of the minor leaf and stem diseases of 'VA’heat, it 'was found that fre- 
quent applications of sulphur dust prevented the development of a bacterial disease of 
'udieat, called black chaff. 

At haiwest time the percentage of noiidusted 'wheat plants infected ivith black chaff 
ranged from 65 to 95, with an average of 75 per cent; ivhereas the range of the dusted 
plants w^as from a trace to S per cent, with an average of 4 per cent- In the absence of 
significant amounts of leaf and stem rust the statistically significant increased yield of 
5.9 bushels per acre resulting from dusting was due in a large part to the control of 
black chaff. 

The results of the sulphur -dusting experiment suggest very strongly that the 
organism causing black chaff spreads from plant to plant in the field. Wind and rain 
probably are the most important agents of dissemination. This disease has not been 
positively identified as the black-chaff disease caused by Bacteriu7n translucens var. 
nndidoswm, but in general symptoms they are identical. 



128 


Phytopathology 


[VoL. 21 


Cold injuy^y. J. E. Holbekt and W. L. , Burlison. 

Progeny studies, in the field, of yellow dent torn plants grown from mature seed 
unexposed and exposed ten hours to three different temperatures, 32, 23, and 14°F., 
respectively, in field refrigeration chambers in the fall of 1929, indicate that seed value 
of some strains of corn, with 20 per cent moisture in the grain, was injured by exposure 
to temperatures of 32° F. and lower. However, there were marked differences between 
different inbi*ed and crossbred strains. Germination studies and field yields indicate 
that germination does not always give reliable index of extent of cold injury. 

As determined by temperature measurements by thermo electrical methods, different 
eorrespoiidiiig tissues of corn plants of different strains differed greatly in rates at 
which they cooled when exposed to chilling and subfreezing temperatures in refrigera- 
tion chambers. Husks of some strains offered more protection to shanks and grain than 
did husks of other strains. 

Application of phosphate to soil prior to planting greatly increased cold resistance 
of young corn plants of both cold-resistant and cold-susceptible strains. 

Three varieties of soybeans, Wilson, Virginia, and Illini, differed greatly in their 
resistance and susceptibility to cold injury in the late maturation stages. (Cooperative 
investigations by the Office of Cereal Crops and Diseases, Bureau of Plant Industry, 
IT. S. Department of Agriculture, Illinois Agricultural Experiment Station, and Funk 
Bros. Seed Company.) 

Relation of seed quality to yieldinyf ahility and disease resistaoice in- hybrid strains o,f 

dent corn. E. E. St. Joi-in and J. F. Trost. 

Comparisons were made of the field performance of crossed seed selected from 
healthy inbred or crossbred plants with similar seed selected from corresponding 
diseased plants, all grown under conditions of continuous corn culture, on similar soil, 
with an abundance of natural inoculum of the various root-, stalk-, and ear-rot fungi. 
These seed-quality comparisons involved 37 distinct hybrid combinations of dent corn. 
Weather conditions favored abundant stalk and ear infection by Diiylodia 2 eae. 

As a grand average for all 37 hybrids, plants from seed from healthy plants yielded 
4 per cent more than the plants from seed from diseased plants. In paired comparisons, 
the seed from healthy plants was superior 84 out of the possible 111 times. 

There was no significant difference in the percentage of nubbins, Ijroken stalks, or 
ear rot caused by UipXodia zeae. 

The very best crossed seed of hybrid strains that were either too early in maturity 
or were still immature at the time of killing frosts did not yield so well as ordinary 
low-quality crossed seed from diseased plants of those hybrid strains that matured by 
the time of killing frosts. (Cooperative investigations by the Office of Cereal Crops 
and Diseases, Bureau of Plant Industry, H. S. Department of Agrienlture, and Botany 
Department, Purdue University Agricultural Experiment Station.) 

Resistance in sweet corn to Biplodia seae, Glenn" M. Smith and John F. Trost. 

In 1930, field trials of inbred and crossbred strains of sweet corn were conducted 
on land that had been in continuous corn culture for ascertaining the relative resistance 
to natural infection by the various root-, stalk-, and ear-rot fungi. A. comparison of the 
amount of Diplodia infection in sweet corn and in dent corn grown in the same field 
showed 7.5 per cent ear infection for oOO strains of dent corn and 10 per cent ear infec- 
tion as an average of 225 strains of sweet corn. Apparently, sweet corn is inherently 
as resistant to ear rotting by Diplodia seae as is dent corn. 

In these experiments 65 strains of sweet corn showed less than 5 per cent ear infec- 
tion by Diplodia seae^ while 23 strains showed more than 3 0 per cent. 
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Inbred lines^ selected solely on the basis of horticultural performance during the 
first five years of their inbreeding, had a significantly higher percentage of ear infection 
than those inbred lines selected for disease resistance throughout their inbreeding. 

In a number of instances ■where both parents of single-cross hybrids were highly 
susceptible to ear infection, the hybrids were nearly free from such infections. (Coop- 
erative investigations hy Office of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. Department of Agriculture, and Botany Department, Purdue University Agricul- 
tural Experiment Station.) 

Cornstalk rot and ear rot, A. L. Smith and J. E. Holbert. 

Stalk and shank tissues of nearly mature eorit plants injured hy exposure to low 
temperatures in field refrigeration chambers have been found to he mnch more suscepti- 
ble to infection from artificial inoculation with Basisporium gaUariim than comparable 
tissues of corn plants not injured by cold. Likewise, stalk and shank tissues of corn 
plants grown on old soil were more susceptible than were comparable plants gro'v^m on 
new soil. 

Alarked differences in relative resistance of stalk and shank tissues to infection 
from artificial inoculation with Biplodia seae were found in both inbred and crossbred 
strains of corn. 

Stalks of corn plants grown on more productive soils were more resistant to natural 
infection from D. ^eae than stalks of eomijarable plants grown on less productive soil, 
(Cooperative investigations by the Office of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Agriculture, Y7iseonsin Agricultural Experiment Station, 
and Punk Bros. Seed Company.) 

Nodal infection until the corn-smut organism. I. E. Melhus and Glen N. Davis. 

When 500 sweet-corn plants, variety Golden Bantam, one foot tall, were inoculated 
with two opposite inonosporidial suspensions in carrot decoction, having a surface ten- 
sion of 47 dynes, 33 per cent of the plants became infected. When the surface tension 
•was changed to 34.4 dynes, by the addition of fish-oil soap, 91 per cent became infected. 
No smut boils developed on the lower nodes in the former case, while 40 per cent of the 
infected i)bints in the latter produced smut boils; and 54.5 per cent of the smut boils 
produced did not express themselves until after the plants had tasseled. 

AVhen three inbred lines, reputed as very resistant, showing an average of only 1.4 
per cent natural infection in the field, were inoculated with a low surface-tension spore 
suspension, boils were produced on 35 per cent of the plants. 

In both field and greenhouse experiments, when the leaf sheaths were removed late 
in the development of the plant, many were found where infected axillary hnds existed 
with little hypertrophied tissue. It is believed that all axillary bud infection resulted 
from spores dropping into the spiral whorl and manifestations of the infections were 
only in those buds which became active through any cause. 

Basisporium dry rot of dent corn as related to temperature and col) reaction, C. S. 

Eeddy. 

From many experiments in ’v\'Mch Basisporium-infeeted dent corn seed was germi- 
nated at different temperatures and in which different strains of corn were germinated 
at the same temperature, it was apparent that severe injury occurred in the form of seed 
rotting when the temperature relation to the seed prevented early germination. No 
apparent injury occurred immediately after germination; therefore, there is no seedling- 
blight stage. 
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Susceptibility to Basisporium ear rot was directly correlated with low acidity and 
resistance with high, as determined in distilled w^ater extracts of disease-free cobs. 


Cob pH 

values 1 

Iiibreds in 
class interval 

Ears observed 

Ears infected 

No. 

No. 

Per cent 

4.4-4.7 

5 

116 

0 

4.8 

6 

121 

2.5 

4.9-5.0 

14 ! 

312 

7.4 

5.1-5.2 

16 

313 

22.7 

5. 3-5.4 

12 i 

258 

38.0 

5.5-5.6 ; 

7 

175 

41.7 

5. 7-5.8 

8 

185 

33.5 

0.9-6.3 ! 

i 

7 

173 

48.6 


These two tests are especially suitable for use b}' corn breeders, because, in their 
application, they require no knowledge of plant diseases and may be used every year 
whether or not there is an epidemic of Basisporium ear rot. 

Fifth progress report on studies of fall applications of f ungicides m relation to apple- 
scab control. G. W. Keitt. 

Penetration and toxicities of petroleum-oil sprays. P. A. Y’oung. 

Apple and potato leaves partly soaked wuth pure oils (6 per cent or less sulphonat- 
able residues) lived for 30 to 80 days. Pure oils with more than 13 per cent sulpho- 
natable residues killed apple leaves within 7 to 14 days; they w^ers toxic to apple and 
potato leaves in 4 to 8 per cent oil sprays, being much more injurious than nearly 
saturated oils. Winter killing w’as associated with abundant oil in apple twigs. Oils 
spread between parenchyma cells and in tracheae of apple limbs, leaves, and fruit. One 
per cent sprays with nearly saturated oils caused no macroscopic symptoms in apple or 
potato leaves; eight per cent sprays caused some black sports in potato leaves. Oils 
spread mainly between parenchyma cells in potato and cucumber stems. Oils passed 
from potato leaves into the tubers. Protoplasm howled for eight hours in staminal hairs 
of Tradescantia fluminensis immersed in pure, nearly saturated oils. 
sativum, Ehisopus nigricaiis^ Achlya conspieua, Glomerula repens, and PenlciUium sp. 
grew^ abundantly and anaerobically in pure oils. They greAv best in nearly saturated oils. 
Earthworms (Annelida) and larvae of FJwrMa Ijrassicae lived for a few hours in pure, 
nearly saturated oils but not in less saturated oils. 

The relation of pentatJiionic acid and its constituents to the toxicity of sulphur fungi- 
cides. 0. Neal Liming. 

Since 1928 a further study has been made of the chemical and physical nature and 
the toxicity of pentathionic acid and of its constituents, sulphur, sulphur dioxide, and 
hydrogen sulphide. Although the toxicity of sulphur to fungi has been attributed to 
a number of factors, only volatilized sulphur, sulphur dioxide, hydrogen sulphide, and 
peiitathionie acid are now’ usually considered. 

The volatile product of sulphur is a vapor. At summer temperatures, over ten per 
cent of the sulphur on a dusted surface may pass off as a vapor within tw^o -weeks. 
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Sulphur vapor is not toxie to fungus spores, and the condensation products are toxic 
only after standing several hours. Sulphur dioxide occurs only in traces in ground 
sulphur and is not toxie in such concentrations. Hydrogen sulphide does not occur in 
ground sulphur. Traces of this gas are produced from sulphur when in contact with 
higher plants and fungi, but it is not toxie to fungi in sireh conentrations. Pentathionic 
acid is associated with ground sulphur and in concentrations toxie to fungus spores. 
It is a natural oxidation product of sulphur but its formation is enhanced by mild 
oxidizing agents and possibly by hydrogen sulphide. It is not sufficiently volatile in 
dilute solutions to be toxic at a distance. The pentathioiiate ion is stable in acid and 
-weak alkaline solutions but is toxie only in acid solutions. The toxie action is governed 
by the condition of the fungus rather than by the condition of the peutathionate ion. 

Water -soluble arsenic in spray materials. H. C. Young, 

When lime sulphur and lead arsenate are mixed together in the proportion generally 
used for spraying a black sludge primarily composed of lead sulphide is produced. As 
lead sulphide is formed a portion of the arsenic becomes free. It was found that 
hydrogen sulphide normally present in lime sulphur is primarily responsible for the 
breaking down of lead arsenate and that this reaction is accelerated as the line sulphur 
is diluted. The arsenical determinations were made on spray materials dried on rubber 
mats at constant humidity and temperature. An attempt was made to duplicate actual 
spraying conditions and to ohtain results comparable to actual field spraying. The 
water-soluble arsenic ranged from 6 per cent in the 1-40 lime sulphur dilution to 12 
per cent in the 1-80 dilution. 

An attempt was next made to add materials that would cheek the above reaction. 
It was found that calcium hydrate was the only effective one out of the following list ; 
calcium carbonate, calcium chloride, ferrous sulphate, aluminum sulphate, aluminum 
hydrate, ealeiiim casemate, zinc hydrate, barium hydrate and carbonate and magnesium 
limes. 

A mixture of calcium monosulphide and arsenate of lead resulted in a high per- 
centage of free arsenic. Other fungicides mixed with arsenate of lead, including Dry 
mix, Sulfuron, Mulsoid sulphur, and Mist Brand wettable sulphur were also tested. 

J^esiilts with neiD sulphur dusts for apple-scab control. A. L. Pierstorpi’ and H. C. 

Young. 

The failure of most sulphur dusts to control apple scab during seasons favorable 
for the development of the fungus is attributed to their failure to adhere evenly to the 
foliage and fruit surfaces, and to insufficient toxicity. 

In an attempt to overcome these difficulties two new dusts have been developed,* 
namely, 85-15 sulphnr — dry lime sulphur and 85-10-5 sulphur — ^manganar — aluminum- 
hydrate. These two dusts adhere to the foliage better and are more toxic to the apple- 
scab fungus than ordinary dusting sulphur. In three years’ tests, two of which have 
been severe scab seasons, these dusts produced in 7 orchards 92.3 per cent clean fruit 
for the sulphur — dry lime sulphur and 85.7 per cent clean fruit for the sulphur — ^man- 
gaiiar — aluminum hydrate, while the plots dusted ivith a commercial-sulphur dust had 
71.6 per cent clean fruit. The cheeks averaged 14.5 per cent clean fruit. The same 
variety was used for all plots. The dusts were applied throughout the season with the 
exception of a delayed dormant spray. 
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Hydrogen sulphide as related to the fungicidal action of snlpliur. S. E. A. McCallan 

and Prank Wilcoxok. 

Hydrogen sulphide is exceedingly toxic to fungus spores and is evolved when sul- 
phur is applied to the surface of spores and leaves of higher plants. 

The germination of coiiidia of Venturia inaequalis, of uredospores of Z^romyces 
caryopJiyllinns and Puccinia antirrhini, and of conidia of Sclerotwia americana, Maoro- 
sporiiim sarcinaeforme, Pestaloiia stellata, Gloinerella cmgulata, and Botrytis cinerea is 
completely inliibited at hydrogen sulphide concentrations ranging, respectively, from 0.2 
to 40 milligrams, per liter of solution. This is also the identical order of sensitivity of 
these fungi to'vvards sulphur. 

The evolution of hydrogen sulphide has been demonstrated from all species tested — 
19 fungi and 26 higher plants. The amounts produced by known quantities of spores 
and by stra’wberry plants have been determined. The p)roduction by spores appears de- 
pendent on the quantity of spores, increases with temperature to about 30° C., ceasing 
at 65° C., and occurs over a pH range from 4.0 to 8.0 with no well-defined optimum. 
Spores of Sclerotinia and Gloinerella produce, respectively, 5 and 15 per cent of their 
weight of hydrogen sulphide in six hours. 

Indications point to the reduction of sulphur on or within the spores and its initia- 
tion by glutathione. Glutathione has been demonstrated in spores of Sclerotinia. 
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STUDIES ON A EUST OF CLINGSTONE PEACHES IN 
CALIPOENIA 

M. C. Goldsworthy and Ralph E, Smiths 

The commercial canning of peaches and the production of fruit for this 
purpose constitute an industry almost entirely confined to California. 
Statistics presented by Wellman (38) show that since 1921 California has 
produced more than 97 per cent of the canned-peach output of the United 
States. During the past decade there has been a tremendous increase in 
the planting and total pack of clingstone varieties, accompanied by a con- 
siderable decrease in the output of canned freestone peaches. The follow- 
ing figures are taken from the California Fruii News, June 15, 1929. 


Numler of cases of peaches canned in Calif or?iia 



1921 

1922 

1923 

1924 1925 

1926 

1927 

1928 

Free- 

stone 

1,633,418 

1,314,597 

872,676 

963,621 1,198,314 

817,319 

320,812 

163,830 

Cling- 

stone 

4,162,849 

7,844,912 6,591,335 

5,366,598 9,258,587 

13,654,758 

10,829,681 

14,811,606 


Peach trees are susceptible to many diseases, among which that known 
as rust has become of great potential importance to the clingstone-peach 
orchards of California. During the three years previous to 1928 serious 
outbreaks of this disease occurred in various parts of the State, especially 
in that portion lying along the Yuba, Feather, and Bear rivers in Yuba and 
Sutter counties, which, because of the character of the soil and climate, is 
particularly adapted to the production of quality fruit and maximum ton- 
nage. The region is devoted to the culture of the clingstone varieties and 
the crop is handled entirely through the canneries. 

The disease under discussion has been known in this region and in other 
parts of California for many years (Scribner (33), 1887; Pierce (32), 
1894) but usually on such a minor scale that its occurrence was thought to 
be of only passing significance as an indication of climatic conditions un- 

1 Acknowledgment is due to Professor W. P. Duruz (20, 21), whose spraying experi- 
menta on the control of peach rust were closely associated with this work. 
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usually favorable to tbe fungus but not likely to occur regularly or fre- 
quently. During 1925, 1926, and 1927, however, such serious losses 
resulted from this cause that the growers and canners became deeply con- 
cerned at what really seemed to be a new and serious menace to the 
industry. 

This fungus disease, a true rust, has occasioned unusual alarm because 
it not only caused leaf injury and more or less defoliation, as is usual with 
rusts, but, particularly in 1926, entailed immense losses of fruit, the peaches 
being marked with rust lesions and rendered unfit for canning. Many 
growers thus lost their entire crop of certain varieties. The fact that the 
new, so-called midsummer clingstone varieties, extensively planted in recent 
years, have been more susceptible to this disease than the older varieties 
increased the seriousness of the situation. 

Since 1927 almost no loss has been caused by rust in peaches. It there- 
fore is natural to assume that the outbreak described was of a sporadic 
nature and that the reasonable expectation regarding this disease is one of 
only occasional and irregular oecui^rence. Experience with other plant dis- 
eases, however, has shown that it is not safe to rely too strongly on this 
assumption without the reassurance of a thorough knowledge of the nature 
of the disease and methods for its control. The fundamental relation of 
rainfall and relative humidity at certain seasons to the development of rust, 
thus explaining its sporadic occurrence, is brought out in this paper. 

DESCRIPTION OP THE DISEASE AND THE CAUSATIVE FUNGUS 

Cursory examination shows that this disease is caused by one of the true 
rust fungi (Ur edinales), characterized most commonly by the production 
of an abundance of urediniospores. 

Leaf phase (Pig. 1). This is the most frequent form of the disease and 
may become at times so severe that complete defoliation occurs. The leaves 
never become entirely covered with rust spots, but, as a rule, these are either 
scattered irregularly over the entire surface or confined to portions of the 
leaf. The areas first attacked become evident as pale, yellowish-green spots 
clearly defined on both surfaces. These spots are angular in outline and 
apparently are limited by the larger veins. Later these spots take on a 
bright yellow color, and the lower surfaces, rarely the upper, become con- 
spicuous by the presence of dusty, dark brown rust sori in the central por- 
tion of the chlorotic area. These sori are filled with the cinnamon brown 
urediniospores. 

Wlien lightly affected, the leaves do not prematurely drop hut remain 
on the trees until the normal fall in early winter. When heavily affected, 
that is, when most of the leaf surface is occupied by diseased areas, abseis- 
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Fig. 1. Peach rust; leaf phase. 
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sion may occur and a partial to almost complete defoliation result. The 
effect of the organism upon the host is local and confined to a relatively 
small area of the mesophyll. The affected area does not collapse for some 
time and the first indication of a decline is the disappearance of chloroplas- 
tids 'which, no doubt, accounts for the color change in the rust spots on the 
leaves. After the fungus fruits the affected regions appear, for a time, 
greater in thickness than the adjacent normal portions of the leaf. This 
phenomenon is due to the presence of intercellular mycelium and a stro- 
matic layer of pseudoparenchymatous tissue directly beneath the epidermis 
and not to an increase in the number of cells. Later these central portions 
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of the aifected regions shrink, the cells take on a plasmolyzed appearance 
and during periods of high temperature they dry out, forming in sonae 
cases dead areas. The fungus continues, however, to live in the marginal 
tissues of the affected areas and later, as the cool weather of the fall comes 
on, new rust sori are formed in this part of the old lesion. The dead areas 
do not absciss, as in shothole diseases, but remain firmly attached. 

Mycelvum. The fungus invades the tissue with the formation of inter- 
cellular mycelium, the filaments containing many nuclei and with a rela- 
tively small diameter. In no case examined was the diameter of the hyphae 
greater than 8 p and in most cases it was less and exceedingly irregular. 
The fungus forms abundant haustoria, which attain various sizes. Many 
of these are found in the cells and as many as six have been seen in a single 
large cell, such as is found in the peach hypodermis (Pig. 2, a) . 

•Jlrediniospores. Spore production is characterized by the formation of 
a stromatic layer of pseudoparenehymatous tissue which, in the leaves and 
bark, is formed directly beneath the epidermis and, in the fruit, at various 
distances beneath the epidermal layer. Prom this layer mycelial strands 
are formed, woven into a more or less compact superstructure, at the apex 
of which each strand forms either a parapliysis or a urediniospore 
(Pig. 3, A) . 

The paraphyses are long, thin cells, bulging at their apices into rounded 
ends with a thickened brown covering. These vary in size, the longest ex- 
amined measuring 32.6 p, the shortest 17.6 p. The number of paraphyses 
in a sorus appears to depend upon its maturity, for in young sori more of 
these structures are present than in the older, and, as a matter of fact, in 
the later cases it is quite common to find no paraphyses. 

The urediniospore is borne on a stalk consisting of a basal cell and a 
short pedicellate cell. The urediniospores are cinnamon brown in color, 
mostly truncate, often elliptical and rarely isodiametric, made conspicuous 
by a thick, smooth apical tip of varying dimensions, sometimes covering as 
much as a third of the longitudinal diameter. They are heavily echinulate 
except at the apex, usually sharply constricted at the base, pedicel not 
adhering, heavily filled with granular protoplasm and oil inclusions and 
with pigment apparently contained in the outer covering. There are two 
germ pores, usually located beneath the apical cap and opposite each other. 
Measurements of 1,000 spores from various sources gave an average maxi- 
mum-minimum of 33.6-12.2 X 14.4-9.0 p. Typical urediniospores are 
shown in figure 4, B. 

Bark phase. The bark phase of the disease (Fig. 4, A) is a relatively 
uncommon one in the Sacramento Valley and because of this has evaded 
regular observation. On many small, current-season twigs, marked as 



Phytopathology 


[VoL. 21 



Pig. 3. Sections of diseased tissues. A. Portion of leaf sorus, X800. a, parapliyses; 
Lj Tirediniospores. B. Section of hypo dermis of fruit, a, liaustoria of rust fungus. 


"beiiig noninfected in the fall, spore pustules have been found early in the 
spring before the leaves nnfold and at about the time when the buds are 
swelling. The fruiting bodies break through the bark at this stage with- 
out forming an apparent lesion. The epidermis of the host becomes raised 
slightly, the tissue directly adjacent being slightly w^ater-soaked in appear- 
ance, and finally the urediniospores and paraphyses break through the bark. 
Later, as the twig grows in circumference, these areas split open lengthwise 
along the twig, allowing free egress of the spore masses. The lesions 
formed in the bark are superficial and localized and appear not to affect 
the host to any particular degree and in growing twigs soon are covered by 
new hark. In fruiting twigs, however, where the centripetal growth is not 
great, the lesions remain a menace in that a small percentage harbor a 
perennial mycelium. In these eases sporulation occurs again the following 
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Fig-. 4. A. Bust sori on bark of peach. B. Urediniospores. C. Section of bark sorus. 


(second) spring along the margins of the old lesions. Microscopic exami- 
nation of the affected regions reveals the fungus confined to the paren- 
chyma of the cortex, the mycelium is intercellular, and liaustoria are found 
within the parenchymatous cells. The fungus fruits by forming a stro- 
inatic layer of pseudoparenchyma just beneath the epidermis or baxiv of the 
host. From this there forms a mass of loose-'woven hyphae upon which 
paraphyses and urediniospores are differentiated. The slight blistering or 
swelling of the surface of the host, observed at the point of pustulation, is 
not connected with an increase in the number of cortex cells but is due to 
the accumulation of the stromatic layer of the fungus below the epidermis. 
The paraphyses and urediniospores are similar to those of the leaf sori. 






Fig. 5. Peach rust on fruit. A. Internal sorus. B. Mature fruit lesions. C. Young 
fruit infections. D. Gross sections of fruit lesions. 
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Friiii phase (Pig. 5). Fruit infection occurs only when germinating 
conditions are at an optimum for the fnngns at a relatively late stage of 
fruit maturity. The areas affected appear first as water-soaked, dark green 
spots (Pig. 5, C). Growth is arrested, the spots become sunken as the 
adjacent tissue continues to put on new increment, and the central portions 
remain somewhat greener than the margins, becoming deep yellow when 
the lesions are older. On approaching maturity the normal pigmentation 
of the fruit occurs and the rust spots stand out vividly against this back- 
ground. Urediniosori are formed in many, but not all, of the diseased 
areas on the fruit and these occur as dark brown, dusty areas in the very 
center of the region. In many cases, however, the sori never reach the 
surface, for they are formed within the hypodermis, sometimes covered with 
as many as 24 cell layers of this tissue, which, as the disease progresses, 
becomes tough and leathery but not killed. Pigure 5, A, shows a typical 
case of submerged sorus in the fruit. The formation of these stromatic 
masses within the hypodermis and not, as in the leaf and bark, below the 
epidermal layer is no doubt a result of new increments being laid down by 
an active cambial region above the area originally affected. 

The fungus mycelium in the fruit of the peach is intercellular and many 
haustoria are formed within the cells. At first the affected cells show no 
characteristic changes, but plasmolysis is noted later, the cells become col- 
lapsed, and a tough leathery region is formed which clings tenaciously to 
the adjacent normal tissue, causing, when the fruits are lye-dipped for 
peeling, a shallow-seated blemish which renders the fruit undesirable for 
canning (Pig. 5, D). 

Aecial sHge. Not observed. 

Telial stage. Not found, either on peach or any related host in the 
Sacramento Valley. 

EPIPHTTOLOGY 

This rust, so far as determined, is confined in the Sacramento Valley 
region to varieties of clingstone and freestone peaches and has not been 
found on apricot, prune, plum, almond, cherry, or on any alternate host. 
The overwintering bark stage will be taken as the starting-point in the dis- 
cussion of epiphytology. The observations cover a period of two entire 
years, with an additional one in which the rust had completed its develop- 
ment. This comprises the latter part of 1926 and all of the seasons of 
1927 and 1928. 

In the summer of 1926, after a survey of the various infected orchards 
as to orchard management, irrigation practices, presence of wind barriers, 
relation of infected orchards to the Feather River, and varietal suscepti- 
bility had been made, the amount and time of rainfall and the occurrence of 
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previous infection were indicated as the principal factors in the develop- 
ment of the disease. Methods of irrigation, as, for instance, flooding com- 
pared with ftirrowing (which appeared at first as being of some conse- 
quence), appeared not of any great concern in relation to continued 
infections. It was noticed that open ditches in which water continuously 
flowed slighly favored local infection but that this was of little practical 
importance. 

The most important observation in this preliminary investigation was 
that of the bark phase of the rust which at this time, August, 1926, was 
found on the previous yearns twigs but not on the current season wood. 
As a result of this, a careful investigation was made as to the inception of 
this phase for it was early thought that this might furnish the means of 
overwintering of the fungus. Prom the manner in which successive periods 
of leaf infection occurred it appeared evident that such infections were 
correlated with rainy periods during late spring and early summer. At 
the same time, however, although many twigs were examined, no new bark 
infections could be found. 

The winter of 1926-27 arrived with still no findings as to the formation 
of the new bark phase. Soon after the opening of the buds in the spring 
(1927) many leaf infections occurred and it was soon found that nearly all 
of these primary infections were adjacent to bark lesions which had recently 
appeared on the twigs of the previous season. In a few eases, where single 
lesions were found on leaves with no new bark lesions nearby, the infection 
appeared to be due to spores disseminated from old bark lesions, of which 
many were present on two-year-old wood. 

In the fall of 1927 many twigs were labeled and examined throughout 
the winter and during the spring of 1928, with the result that two types of 
bark lesions were discovered — one that forms early in the winter and fruits 
early in the spring and another that sporulates later as the buds are swell- 
ing. The origin of this last type, which is by far the more common of the 
two, is not positively known but, judging from the twig observations just 
mentioned and indirectly from the results of spraying experiments, it 
apparently results from twig infections in the early fall, in which the 
fungus overwinters in the mycelial form. In the spring the fungus breaks 
out through the bark with groups of uredinia and the spores cause infection 
in the near-by leaves as they unfold. 

This primary leaf infection, originating in bark lesions, is characterized 
by the infection of all the adjacent leaves and these are found below and 
above and to the sides of the bark lesion. Earely does the infection spread 
more than two feet from the bark pustule. The leaves are usually heavily 
infected. Spore production in these primary foliage lesions occurs in from 
three to four weeks after the leaves come out, and, if conditions are favor- 
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able, secondary infections occur on otlier leaves as soon as tlie spores become 
mature. This crop of spores gives rise to further leaf infections and these 
are of importance to the grower, in that they are the source of the fruit 
infections and resultant loss of the crop. 

As fall approaches, many of the leaf lesions that have remained dormant 
all summer become active again and sori are produced along their margins. 
As these sori mature and the fall rains come on, infections apparently take 
place in the bark of the current season^s wood, which has thus far remained 
free of rust, and also occasionally in that of the two-year wood. These lie 
dormant throughout the winter and give rise to urediniospores in the spring, 
which are responsible for the leaf infection, and the life cycle begins anew. 

Another and important phase of the bark infection was discovered 
during the spring of 1928. At this time, on trees that had received careful 
and timely sprays and showed no sori on the last season ^s twigs, leaf infec- 
tions were encountered which had all the typical symptoms of being asso- 
ciated with bark pustules. Examination of two-year-old fruiting twigs 
revealed the presence of old bark pustules which had remained dormant 
during the summer and fall, and had become active at this time, giving rise 
to a new crop of urediniospores at the margin of the old lesions. This 
finding was of great importance in that it accounted for the observed 
tendency of the organism to escape treatment. This made the problem of 
eradication doubly hard, since it required not a single season but at least 
two for that purpose. 

In summary, the fungus overwinters as urediniospores in the bark sori 
of the previous year, or as recent infections on bark, or by the renewed 
activity of old bark infections; the adjacent leaf surfaces are infected 
during the period following initial growth in the spring; subsequent infec- 
tions occur on other leaves or on fruit hut not on bark; the fungus ceases 
activity during the dry months of the summer; activity of the leaf lesions 
follows during the fall months and finally new infections occur on the bark 
of current season’s wood during the fall, which remain dormant and invis- 
ible until spring. Several previous investigators have observed the bark 
phase of the disease on peach but they state, or leave the inference, that the 
infection takes place in summer along with that of the leaves, which was not 
the case in the Sacramento Yalley during the period of this work. 

epiphytological factors 

Moisture relations, maturity and age of spores, temperature, and time 
are the factors of especial interest in the case of the peach-rust fungus, all 
playing important parts in the activities of the organism and its infection 
of the host. The effects of the above factors upon the germinability of the 
spores and upon the incidence of disease are included in the following 
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remarks. The order of their importance, judging from observations and 
experiments, is the same as that given above. 

Relation to moisture. It became evident, after a detailed study of the 
disease as to its occurrence upon leaves, fruit, and bark and examination 
of precipitation records, that moisture played an important part in the life 
history of the organism in this district. Infrequent rains or rainy periods 
characterize the spring months in northern California, and in most years 
not a great deal of rain falls after the first week of April. The history of 
leaf infection in any one spring and early summer can easily be traced by 
the distribution of rusted leaves along the twigs. The usual case is to find 
most of the leaves affected close to the base of the twig. If the spring rains 
extend over a relatively long and late period, as they were in the spring of 
1926 (Table 1) , the leaves for some distance along the twigs become infected. 
It happened in this particular season that sufficient rain fell between May 4 
and 9 to produce a period of late infection,- the correlation could plainly be 
seen in the leaves. 

There was no indication during this particular spring and summer, 
except in special locations, of another advance or period of infection. The 
epidemic during this season was severe and many orchards were almost 
defoliated and much fruit was damaged. Two very distinct rust attacks 
were noted in all orchards examined except one and that was located in the 
river bottom between large levees, where the top soil was moist each morning 
and heavy dews prevailed throughout April and May, causing a continuous 
but not severe infection on the leaves for a longer period than in the other 
orchards. It was apparent, however, even in this location, that fruit infec- 
tion had not resulted from this continued leaf infection but was correlated 
with the heavy, continuous rainy period in May. 

In 1927, the initial rust attack was light and very few orchards showed 
heavy early infestation. However, in the few orchards with which we ex- 
perimented, the cheek trees showed a fair amount of rust. The season was 
two to three weeks later than the previous one and no sustained precipita- 
tion occurred. The primary rust had developed on the leaves surrounding 
bark pustules, but no secondary leaf infection was noted until the first week 
in June, when a large amount of leaf rust appeared. A rainy and cloudy 
period, in which the precipitation amounted to 0.12 inch, occurred during 
April 25 and 26, and this probably accounted for the secondary infection 
noted above. On May 27 and on June 7 considerable rain fell (0.82 and 
0.67 inch) . By the first of July many reports of infected fruit, widespread 
as to their sources, were received. There w^as an abundant secondary leaf 
infection in the affected orchards, evidenced by small pin-point rust spots 
on newer leaves together with the spotting of a great deal of fruit. It so 
happened that the rain of May 27 was irregularly distributed and 
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one or ell ard with which we experimented was exposed only to a trace of 
rain. The June 7 rain, however, occurred with full force. This orchard 
had been sprayed immediately before this heavy rain (June 3-6) . All the 
trees manifested severe leaf infection at the time the spray was applied. 
Nonsprayed check trees gave almost 100 per cent infected fruit, while the 
sprayed trees showed from 8 to 10 per cent, demonstrating the relation 
between fruit infection and the rain of June 7. In this case the evidence 
is completely in favor of the conclusion that rains are necessary for fruit 
infection. What had been supposed to be a mild rust season, through this 
single period of rainy weather, turned out to be an important one 
and brought the matter of moisture relation forcibly to the attention of the 
fruit growers.^ 

In the spring of 1928, when a heavy precipitation was noted in March 
(4.73 inches) and during the first two days of April (0.88 inch) consider- 
able primary leaf infection occurred. No rain fell after April 2, and no 
secondary infections occurred on leaf or fruit. Not a single spotted fruit 
was observed during the spring or summer. 

During these three years another period of infection occurred in the fall, 
when a great many leaves became rusted. During this time considerable 
dew or precipitated moisture accumulated at night in the orchards and, 
because of the shorter days and lower temperature, the time period for 
germination wms increased. In other vrords, the fungus found optimum 
moisture conditions and, as a result, considerable leaf infection occurred. 

The three seasons of observation strongly indicate that periods of con- 
siderable rainfall or dew accumulation are necessary for secondary infection 
of leaves and fruits. As to the relation of moisture to bark infections, it 
has already been noted that in the three seasons of our observations no bark 
infection occurred during the summer periods of leaf infection. It seems 
probable that rainy periods or prolonged periods of heavy dew are neces- 
sary, provided inoculum is present, for bark infection. It appears from the 
success of spraying experiments, in which early fall applications controlled 
this phase, that the bark infections occur in the fall and these are correlated 
with the above moisture periods. 

TJredimospore germination (Fig. 6). As infection of the host is an 
aftermath of spore germination, considerable laboratory work was done in 
testing the relation of various conditions to the germinability of the spores 
of the parasite. A bulging of the spore wall is the first symptom of germi- 
nation. A light-colored area in the cinnamon-brown spore membrane 

2 In 1930 a period of cool, liumid, and rainy weather, ideal for the development of 
peach rust, occurred between April 23 and May 16. That the disease did not appear 
was apparently due to the lack of inoculum resulting from the absence of rust in 1928 
and 1929. 
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becomes hyaline as the germ tube emerges. The wall of the germ tube 
appears always in continuity with that of the parent spore and at times the 
basal portion of the germ tube may be covered with the spines which so 
conspicuously mark that of the mother cell. The germ-tube wall is hyaline 
and, as a rule, constricted at the point of emergence. Sometimes this con- 
striction may extend outward from the spore wall for some distance. (Fig. 
6 ; b, j, and m). At other times it is confined to that portion near the germ 
pore. In a proper environment the germ tube grows rapidly, in one case 
at the rate of 9 p in ten minutes, in another 13 p in eight minutes. The 
tubes are hyaline and contain finely granulated protoplasm, more or less 
homogeneous throughout, with occasional spherical oil globules dispersed 
throughout the plasm. What appear to be nuclei are always located at 
the very tips of the growing hyphae. Branching occurs by budding and 
in no case have we found septa. 




Fig. 6. (terminating nr edinio spores of the peacli-rnst fungus. 


The phenomenon of branching apparently is associated with pressure 
and concentration, and this occurs after the apex of the germ tube has 
been arrested in its development. This allows a concentration of proto- 
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plasmic material witli a result ant bulging at tbis point. If relief is not 
attained by budding^ the swollen apex will burst and this appears to be 
the fate of many germ tubes in germination studies. If growth is con- 
tinuous germ tubes reach considerable lengths, some over 700 p having 
been observed. 

Relation of humidity to germination of uredinio spores. The question 
of the moisture condition necessary for infection in the field has been shown 
to be correlated with reasonably long periods of saturated atmospheric con- 
ditions, such a period being one in which a film of precipitated moisture 
is present on the under surface of the leaves. In the laboratory such a 
condition is easily reproduced and can be obtained either by placing the 
spores directly in contact with a film of water or by placing them in a 
saturated atmosphere, such as is produced in a closed chamber. It was 
found that the latter method furnished a maximum oxygen tension without 
wdiich spores appeared not to germinate unless in a stage of complete 
maturity. It was noticeable in our germination experiments, especially 
those of 1926 in w^hieh relatively old material was used, that the germi- 
nation of spores on water drops was correlated with their age and that 
the germinability of these same spores, when placed directly in a saturated 
atmosphere in which there was a maximum oxygen tension, was consider- 
ably greater. Keitt and Jones (26) reported the same phenomenon as 
occurring with the conidia of Yeniuria inaequalis (Cooke) Aderh. Allen 
(1) reported in the ease of the urediniospores of Puccinia ghimarum 
(Schm.) Eriks, and Henn. that rain w^ater and not tap or distilled water 
favored germination. This may have been due to oxygen tension. 

Considerable data relative to the effect of moisture on the germinability 
of urediniospores occurs in the literature. The differences between species 
in this relation appears to be slight and it is the general opinion that films 
of precipitated moisture are necessary for germination. The works of 
Melhus and Durrell (30), Peltier (31), and Duggar (19) are particularly 
suggestive in showing the importance of this factor in the life cycles of 
rusts. The present findings in the ease of the urediniospores of the peach- 
rust fungus are that either a saturated atmosphere or a film of precipitated 
moisture is ideal for germination. When the spores are immersed in dis- 
tilled water germination is arrested,- but, when floated on water drops, 
germination proceeds within three hours if the spores are mature. Table 2 
shows the relation of relative humidity to germination. It should be 
clearly understood, how'ever, that it is quite difficult to draw a distinction 
between films of moisture, such as one uses in hanging drops, and those 
which must occur when a saturated atmosphere is used. In the latter case 
the film envelops the spore but in the former the spore appears to float 
on the surface, being in contact with the film at one point. It is true, how- 
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ever, according to Peltier (31) and Mellins and Dnrrell (30) that there 
is a difference, as they reported no germination in saturated atmosphere 
for grain rusts. It is not clear what differences are responsible for this, 
but possibly the nature of the spore wall and especially its wax content 
may influence this phenomenon. Melhus and Durrell show that paraffin 
wax was favorable to an increase in germination and we have demonstrated, 
as shown in table 13, that light oils stimulate germination even so far as 
to allow spores to germinate when the untreated ones did not. 

TABLE 2. — Bjfeci of relative humidity upon germinaMlity of urediniospores of peach- 
rust f dingus. 22^ C. for 12 hours 


.1 

Relative 

Eumiditj 

specific 

gravity 

H.SO 4 

percentage 

Spores 

counted 

Spores 

germinated 

1.5 

1.754 

82.0 

2420 

0.0 

10.5 

1.569 

66.0 

1879 

0.0 

18.5 

1.503 

60.0 

2321 

0.0 

42.0 

1.380 

48.0 

3287 

0.0 

58.3 

1.300 

39.0 

2578 

0.0 

70.4 

1.250 

33.4 

3168 

0.0 

85.7 

1.170 

23.5 

2988 

0.0 

95.0 

1.090 

13.0 

3560 

0.0 

97.5 

1.050 

7.37 

4267 

0.0 

98.7 

1.030 

4.49 

3897 

0.0 

99.1 

1.020 

3.03 

4124 

0.0 

99.5 

1.010 

1.57 

3800 

0.0 

100.0 

1.000 

0.00 

4688 

1988.0 


Disctission of moisture relations. Extensive peach-rust infections 
throughout the three years of observation were clearly connected with 
rainy periods or with situations having heavy and continuous dews and 
not with periods of irrigation. 

If irrigation practices were responsible for differences in infection this 
was not noticeable in the places examined, as just as much rust occurred 
in nonirrigated orchards as in furrowed and flooded situations. Relative 
to the last point it is interesting to note that there have been certain cases 
in which secondary infections have resulted on leaves attached to low-lying 
branches adjacent to open ditches or where, because of faulty drainage, 
accumulations of irrigation water occur. In these instances we are of the 
opinion that the cumulative effect of many saturation periods favored ger- 
mination. Probably, during this time, a certain percentage of spores ger- 
minated and caused leaf infections. In any case this type of infection is 
not severe and the lesions occur on only a few leaves. That irrigation is 
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not responsible for fruit infection was clearly demonstrated during tlie 
1928 season, as no fruit rust occurred in any of the situations referred 
to aboYe in fact, no secondary rust on leaves occurred, except in the 
above special cases. Irrigation during times of rainfall might cause some 
increase in the length of the saturation period and thus have a direct in- 
fluence on infection. 

Laboratory studies demonstrate that precipitated moisture is essential 
for germination of the urediniospores and supplement the observations in 
the field. 

delation of age to germination of ^trediniospores. The age and ma- 
turity of urediniospores constitute an important factor in their capacity 
to germinate. The viability of urediniospores, in general, is of relatively 
short duration and, because of this, considerable mystery surrounds the 
survival of many of the species having only this form in their life cycles. 
In this respect, Barclay (6) was able to germinate urediniospores of Puc- 
cinia ooronata var. himalensis for 4 to 5 months; Melhus and Durrell (30) 
found that those of P. coronata persisted for at least 55 days but that the 
temperature at which the spores were held constituted an important factor. 
At room temperature they remained viable only 30 days. Maneval (29) 
reviewed the literature relative to this and table 3 gives a synopsis of 
various findings. That various differences are noted, even with the same 
species, is due in part to the method of collection, age of material, tempera- 
ture at which held, and the condition of host plants. 


TABLE 3. — Longevity of urediniospores of vario^lS species of rustSj after Maneval 


Auttor 

Fungus 

Longevity 



Days 

"Ward 

Puccinia dispersa Eriks. 

61 

Fromm e 

Puccinia coronifera Klet. 

84 

Beed and Holmes 

Puccina coronata Cda. 

77 (91?) 

Melhiis and Durrell 

iC ££ 

55 

Peltier 

Puccinia graminis Pers., form 3 

92 

Frazier 

Puocinia helianthi Schw. 

182 

Spaulding 

Cronartium ribicola F. de Wal. 

155a 

Taylor 

t £ £ i 

Overwintered 

Maneval 

ijromyces striatus Sekr. 

176^ 

£ 1 

Puceinia sorgM Schw. 

158iv 

£ £ 

Puccmia coronata Cda. 

157a 

£ £ 

Puccinia mentliae Pers. yar. 



americana Burr. 

173 

£ £ 

TJromyces caryophyllinus (Schr.) 



Wint. 

185 

t 1 

Puccinia amorphae Curt. 

89 


Ayerage. 
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The viability of the iirediniospores of the fungus under study is mark- 
edly variable and is greatly influenced by the source and the environmental 
conditions affecting the host at the particular time of collection. Peltier 
(31) has shown that the humidity at which urediniospores are held influ- 
ences the period of viability. It was our experience that viable spores were 
obtained for a longer period from leaves remaining on the host than from 
material which had been removed from the trees, but this may have been 
due to the production of successive generations in the sori on the tree. 
In the case of bark pustules, many have been tested, and from these even 
late in the fall after the leaves have fallen a small percentage of viable 
urediniospores can be recovered. In the case of the bark sori some were 
wide open, due to growth of the host, while others were entirely submerged 
and covered with bark tissue, but the percentage of spore germination re- 
mained the same in both eases. 

While it is interesting to know that mature urediniospores of this 
fungus overwinter to a slight degree in the bark pustules, this is not ac- 
tually of great importance in the life history, since very little infection 
occurs from this source. The vast amount of urediniospores that develop 
in the leaf sori during the primary, secondary, and tertiary infections of 
the spring and early summer months is the important source of supply, 
and it is the relation of these urediniospores to the life cycle and the effect 
of maturity on them that are of interest to us in this respect. 

Relatively speaking, the urediniospores of the leaf sori are short-lived. 
The continued recurrence of new sori in seasons of unusual summer rains, 
however, bridges these short cycles and to all intents and purposes 
longevity is not important in these years. It is during a relatively dry 
summer season that this factor is important, not so much in the life cycle, 
but economically. Table 4 shows the absolute values for certain sets of 
experiments. Urediniospores collected at intervals from diseased leaves 
on the tree of a known early infection period contained viable spores over 
a period of 6 weeks. In a later infection occurring in June, this period 
wms shortened to 4 weeks. Urediniospores which remained attached to 
detached leaves showed 56 per cent germination when first tested, 29.8 per 
cent after 22 days, and, after 33 days, no germination (Table 5). 

At no time did they show a larger percentage than at the beginning. 
Urediniospores detached from living leaves 17 days after collection gave 
39 per cent germination, about the same value as that of spores from de- 
tached leaves. These values are only relative, since other factors are im- 
portant in determining the number of viable spores one may find. Melhus 
and Durrell (30) have shown that urediniospores may, if detached from 
their sori, show an increased percentage of germination due to the after 
ripening of spores. The results obtained in germination experiments 
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TABLE 4 . — Longevity of urediniospores of peach-rust fungus in sort on living leaves upon the 

tree 



Source 

Agd of (weeks) 

Germinability 

Per cent 
germi- 
nated 

Date 

collected 

Bark 

Leaf 

Bark 

Leaf 

Sorus 

Spores 

counted 

Spores 

germi- 

nated 

4 - 19-27 


f f 


6 

1 

602 

none 

... 

4 - 20-27 


( c 


6 

1 

1280 

none 

... 

4 - 28-27 


( c 


7 

2 

3138 

39 

1.2 

5 - 6-27 


( c 


8 

3 

1281 

63 

5.0 

5 - 17-27 


i c 


10 

5 

2516 

387 

15.4 

5 - 24-27 . 


C ( 


11 

6 

1293 

486 

37.7 

5 - 28-27 


i i 


11.5 

6.5 1 

4738 

3118 

67.2 

6 - 24-27 


i 1 


15.4 

10.4 * 

3673 

38 

1.0 ■ 

7 - 28-27 


( c 


20.2 

15.2 ! 

1013 

150 

1.4 

4 r - 19-27 

{ ( 


? 



3280 

1388 

42.3 

4 - 28-27 

c c 


f 



1586 

879 

55.4 

5 - 2-27 


( ( 


7.5 

1.5 

1081 

2 

Tr. 

5 - 9-27 


< ( 


8.0 

2.0 

3266 

38 

1.1 

5 - 17-27 


i i 


10.0 

4.0 

1281 

16 

12.5 

5 - 19-27 


( ( 


10.0 

4.0 

2520 

34 

13.5 

5 - 28 - 27 . 


( ( 


11.5 

5.5 

2096 

553 

26.8 

6 - 22 - 27 ^ 




15.0 

2.0 

1672 

10 

.6 

7 - 6-2 7 a 




17.0 

4.5 

414 

145 

35.0 

7 - 14-2 7 a 




18.0 

5.0 

616 

282 

45.0 

7 - 28 - 27 a 




20.0 

7.0 

931 

407 

43.7 

8 - 13 - 2 7 a 




22.5 

9.5 

680 

14 

2.0 

6 - 22-2 8 b 


( c 


? 

5.0 

562 

170 

30.3 

6 - 22 - 28 b 


( i 



5.0 

508 

193 

38.0 

6 - 20 - 28 b 


{ £ 


? 

1.0 

482 

2 

0.4 

6 - 27 - 28 b 


( £ 


? 

2.0 

931 

106 

10.2 

7 - 9 - 2 Sb 


£ C 


? 

4.3 

586 

393 

67.7 

7 - 14 - 2 8 b 


( ( 


1 

5.0 

632 

287 

45.4 

7 - 28 - 28 b 


C £ 


? 

6.0 I 

581 

30 

5.1 

7 - ll - 28 b 


C ( 


11.5 

9.5 

1664 

54 

3.2 

7 - 11-28 

t i 


11.5 


11.5 

931 

75 

8.0 

9 - 21-28 

( i 


17.2 


17.2 

1336 

27 

2.0 

10 - 8-28 

( ( 


20.0 


20.0 

1491 

25 

1.7 


a New infections, 
b New sori from old infections. 


depend a great deal upon the manner in which the nrediniospores are ob- 
tained from the sori. In any sorns at any given age there will be a dif- 
ference between mature and immature spores. In most of the literature 
no reference is made as to the method of gathering the spores. Melhus and 
Dnrrell state that it made no difference whether the spores were shaken 
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TABLE 5 . — Longevity of iirediniospores of peacli-rusi fungus on detached leaves, 

at C. 


Date 

collected 

Date 

tested 

Spores 

counted 

Spores 

germinated 

Per cent 
germinated 

9-29-27 

9-29-27 

5381 

3013 

56.0 

9-29-27 

10- 4-27 

3669 

1815 

49.5 

9-29-27 

10-14-27 

1762 

705 

40.0 

9-29-27 

10-21-27 

3021 

900 

29.8 

9-29-27 

11- 2-27 

1 

927 

0 

0.0 

10- 6-27 

10-16-27 

4638 

1809 

39.0 


or wlietlier they were scraped froia the sori. In oiir experiments the spores 
first shaken off, presumably the oldest, gave the highest percentage of ger- 
mination; those shaken off later germinated less; and those finally scraped 
off germinated not at all. Doran’s (17) method of giving the percentage 
of germination at optimum as 100 per cent and raising the other percent- 
ages accordingly is satisfactory for any given sorus but it is obvious that 
each may have a different percentage even at the optimum. Regardless of 
method, in the case of urediniospores, only relative values are realized, as 
each source of material is different from the next. General trends can be 
arrived at through the accumulation of mass data, but it is obvious that 
absolute values are impossible unless the sori have a known history. 

Longevity of spores becomes important in the life history of the rust 
fungus in that it operates to limit secondary and tertiary infection. 
Secondary infections are important not only in continuing the life historj^ 
but also in determining the economic losses due to fruit infections. If 
conditions which favor secondary infection are absent, the further develop- 
ment of the fungus is checked by the death of the comparatively short-lived 
spores produced in the primary infection. Tertiary infections operate to 
carry the fungus into the fall of the year. It is obvious that in case an 
exceptionally abnormal fall season occurred in which rain was absent, this 
factor would be of the greatest importance, in that the fall infections of 
the wood would be reduced and overwintering would be more or less re- 
stricted to the older lesions.^ 

Belaiion of iemperaiiire to germination of urediniospores. The rust 
fungi in general have wide ranges of temperature at which the spores 
germinate. Doran (17) tested several species (Table 6) and found that 

3 This apparently happened in the season of 1929-30, ^hen no rain fell until Decem- 
ber 10. 
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TABLE 6 . — Spore germination temperatures of various rust fungi, after Doran 


Eungus 

Temperature: Degrees C. 

Minimum 

Optimum | 

Maximum 

Aeciospores of Cronartium rihicola F. de Wal 

5 

12 

19 

XJrediniospores of Ci'onartium rihicola F. de Wal. 

8 

14 

25 

AecioaporBS of Gyynnosporangivm clavipes C. 
and P : 

9 

16 

29 

TJredinio spores of Puccmia aniirrhini Diet, and 
Holw 

5 

10 

20 

Piiccinia malvacearum Mont 

3 

14 

30 

TJredinio spores of Uromyces earyophylUnus 
fSehr.') Wint. ; 

4 

14 

29 


TABLE 7 . — Dffect of temperature on the germinahility of urediniospores of the peach- 

rust fungus. 12 hours or less 


Temperature, 
degrees C. 

Spores counted 

Spores 

germinated 

Per cent germinated 

1 

3798 

0 

0.0 

7 

4296 

0 

0.0 

8 

2242 

7 

.31 

10 

1610 

436 

27.0 

12 

1561 

436 

28.0 

14 

3753 

1554 

41.1 

15 

2012 

946 

47,0 

16 

3637 

1320 

36.5 

21 

3762 

2025 

53.8 

22 

4320 

1490 

34.5 

23 

4750 

2000 

42.1 

24 

4710 

2270 

48.2 

25 

5388 

2220 

41.2 

26 

5640 

1740 

30.9 

27 

3816 

584 

15.3 

27.5 

4000 

620 

15.0 

28 

3340 

672 

19.7 

29 

4032 

976 

24.0 

30 

3915 

684 

17.4 

31 

3456 

464 

13.4 

32 

3496 

744 

21.0 

33 

3856 

240 

6.2 

34 

3600 

64 

1.9 

36 

4104 

80 

1.9 

37 

4104 

64 

1.5 

38 

3554 

48 

1.3 

39 

1872 

0 

0.0 

40 

4896 

0 

0.0 



1931] 


Goldsworthy and Smith; Bust op Peaches 


155 


relatively low temperatrires favored many rnst tiredinio spores. Peltier 
(31) showed that high temperatcire lowered the percentage of germinating 
spores, while low temperatures favored it. Walker (37) pointed out, in 
the case of the smut fungus, JJrooysiis cepulae Frost, that optimum tem- 
peratures for chlamydospore germination also coincided with rapidity of 
length growth.- Doran points out ^'that although urediniospores germinate 
over a wide range of temperature, there is a material degree of host in- 
fection only when the temperature is near the optimum.’^ 

The urediniospores of the peach-rust fungus have a wide range of ger- 
mination temperatures (Table 7), the minimum being 8° C. and the max- 
imum 38° C. with the optimum between 13° C. and 26° C. Melhus and 
Durr ell (30) consider the length growth of the germ tubes as an indication 
of optimum. We have no comparative information relative to this for the 
peach-rust fungus, but, at 22°-24° C., the germ tubes appear to continue 
their growth at the maximum rate without injury. Below 14° C. and above 
26° C. the germ tubes appear to be injured. At high temperatures the tips 
of the germ tubes burst soon after emergence, while others show branching. 
At low temperatures bursting does not occur but frequent branching is the 
rule, the germ tubes exhibiting all sorts of convolutions in contrast to 
the even, continuous growth at 22°~24° C. The temperature curve of 
germination (Fig. 7) appears to have a fairly rapid rise, after which it 
flattens out for some distance and drops off rapidly at first, then finally goes 
into a gentle slope. This is, in general, the trend of germination. Some 
discrepancies occur, but this is to be expected, since spore material is so 
variable. The field temperatures during the early season when rust attacks 
begin correspond, in general, to that part of the curve during which the 
period of optimum germination occurs. High temperatures are injurious 
to spores in that those kept at 40° C. and over for more than 12 hours, 'when 
removed to a suitable environment, never germinate. In the field, however, 
urediniospores seldom are subjected to such a high temperature for any 
length of time. 

Where a fungus has such a wide latitude of favorable temperatures for 
germination, provided other conditions are at optimum, it seems logical 
that this factor would not be of great importance in natural infection. It 
is pointed out, however, by other workers that periods of infection coincide 
with the optimum germination temperature period. If this is so, a wide 
range of germination might, in the case of temperatures of either extreme 
being prevalent for any length of time, actually be elective in a control 
of the fungus, in that germination would result without infection, and 
thereby reduce the amount of inoculum. 

Ejfeci of fungicides on the germination of urediniospores. The litera- 
ture on the subject of the control of peach rust, although scanty, indicates 
that Bordeaux mixture and lime-sulphur sprays may be used to advantage. 
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Twelve hours or less. 

Galloway (23) reported the effectiveness of Bordeaux mixture in con- 
trolling plum leaf rust (Puccmm pruni-spinosae Pers.). He stated that 
Professor T. L. Brunke, at his suggestion, conducted a series of experiments 
in 1888 at the Texas Agricultural College with the view of finding a remedy 
for this disease, Branke found that spraying wdth Bordeaux mixture in 
August gave good control. Those trees which were not treated lost nearly 
all their foliage, while those sprayed had lost only a very small percentage. 

Pierce (32) reported, on the basis of one year’s experiments, that 
Bordeaux mixture and other copper compounds applied at the pink stage 
of the bloom w^ere of value in control of prune rust. 

Fairchild (22) noted that, if the conclusions of Scribner and Pierce 
are w^ell grounded, this is the first case to be established of a rust yielding 
to Bordeaux mixture. 
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Cunningham (15) advised the use of lime-sulphur sprays. 

'McCalman (28) reported that lime sulphur 1--50 or an application of 
Bordeaux mixture (2-2-40) kept down the disease. 

Doran (17), testing urediniospores of various rust fungi, showed that 
these, as a rule, were very resistant to copper. Butler (12) and Doran 
(loc. cit.) found that dusting sulphur controlled Antirrhinum rust, and 
Smith (34, 35) showed that this material was effective against the aspara- 
gus rust in California. The Uredinales, in general, are, from all indications, 
comparatively resistant to copper and susceptible to sulphur compounds. 

TABLE 8. — Effect of copper sulphate on iirediniospores of peach-rust fungus, 22° C. 

12 hours 


Dilution 

percentage 

Spores 

counted 

Spores 

germinated 

Per cent 
germinated 

2.0 

982 

0 

0 

1.0 

932 

1 

.1 

0.5 

868 

0 

0 

0.25 

943 

0 

0 

0.125 

841 

41 

5.0 

0.06 

531 

40 

7.5 

0.03 

1154 

104 

9.0 

Water 

2664 

447 

16.5 


TABLE 9. — Effect of various copper mixtures on urediniospores of peach-rust fungus 

at 22 C. 


Kind of dilution 

Spores 

counted 

Spores 

germinated 

Per cent 
germinated 

Homemade Bordeaux 




4-4-20 

1286 

145 

11.3 

Homemade Bordeaux 




2-2-50 

1469 

241 

16.4 

Homemade Bordeaux 




5-5-50 

6084 

747 

12.3 

Homemade Bordeaux 




8-8-50 

1956 

124 

6.3 

Commereial Bordeaux 




Ortho Brand 1-40 

3463 

1282 

36.8 

Commercial Bordeaux 




Ortho Brand 1-80 

371 

52 

14.3 

Borco Winter str.a 

1710 

408 

22.9 

Copper sulphate 

1437 

0 

0.0 

Water 

6291 

2206 

30.0 


Ammoniaeal copper eompoiand. 
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- Copper compounds. Table 8 shows the eifect of copper sulphate on the 
urediniospores of the peach^rust fungus and table 9 the effect of yarious 
other copper compounds. It can readily be seen that the fungus is rela- 
tively resistant to copper. In field experiments, however, this was not so 
marked, and, although spores fully covered with Bordeaux mixture germi- 
nate when brought into the laboratory, there appears to be a distinct 
decrease in the amount of leaf infection in trees sprayed with this material 
as compared with unsprayed trees. The tests in the laboratory with spores 
treated with Bordeaux mixture show a considerable amount of germination, 
but this percentage is always below that of the checks. On microscopical 
examination one finds the spores along the edge of heavy Bordeaux mixture 
spots germinating first, and this is true also of those spores lying in the 
sparsely covered regions. The spores heavily covered with the colloidal 
material germinate last or not at all. On slides kept more than three days, 



Tig. 8 . Urediniospores of peaeh-rust fungus germinating in a field of commercial 
Bordeaux mixture. Material sprayed upon spores on 
glass slide before germination. 
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the spores showed germination even in the heavily coated parts. Figure 8 
shows germinating urediniospores in a field of commercial Bordeaux 
mixture of winter strength. This is not an unusual finding and is a com- 
mon phenomenon with homemade and commercial Bordeaux mixtures and 
for ammoniacal copper solutions, as well. 

Foly sulphides. Poly sulphides, as in commercial lime-sulphur solution, 
are very toxic to the urediniospores of this fungus, even in highly diluted 
solutions (Table 10). The effect on the spores and germ tubes, according 
to Goldsworthy (24), is direct, the sulphide reducing the protoplasm, 
which causes the death of the organism (Table 11). Figures 9 and 10 
show the lime-sulphur-treated spores and germ tubes. 


TABLE 10. — Ejfect of lime-sulphur and powdered sulphur on urediniospores of 
peach-rust fungus at 22^ C. 


Kind and dilution 

Spores 

counted 

Spores 

germinated 

Per cent 
germinated 

Commercial dry- 
lime- sulphur 14-100 

4036 

242 

6.0 

Li quid -lime-sulphur 

1-100 

1376 

12 

0.9 

Liquid-lime-sulphur 

1-50 

3001 

0 

0.0 

Liquid-linie-sulphur 

1-10 

3378 

0 

0.0 

Powdered sulphur 
old lot 

2060 

198 

9.60 

Powdered sulphur 
new lot 

8336 

118 

1.40 

Sulphur-pasts gas 
residue in water 

1723 

49 

2.80 

Water 

12425 

3516 

28.30 


Commercial dry-lime-sulphur (Sherwin-Williams) and sodium sulphide 
compounds are highly toxic to the urediniospores. In recent years liquid- 
lime-sulphur solutions have caused considerable burning to both foliage 
and wood of the peach, and the growers are becoming alarmed over the sit- 
uation and are turning again to the use of copper compounds. 

Fowdered sulphur. Powdered sulphur has been extensively used in the 
control of fungi, especially powdery mildews and rusts. This material has 
been used against the peach-rust fungus by many growers, and the success 
attained has been difficult to determine, due to the varied conditions under 
which it was used. Sulphur apparently acts best at high temperatures and 
in still air and the lack of success of many growers may be attributed to 
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Fig. 10. Germinating urecliiiiospores of peach-rust fungus sprayed with liquid-lime- 
sulphur 1-50. Sulphur particles removed from slide but retained in germ tubes. 
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TABLE of liquid-lime-sulphur 1-10 on the growth of germ tutes of the 

nredmiospores of the peach-rust fungus at C. 


Germ tube 

Time sjirayei 

Length of germ tube (microns) 

3 hours 

6 hours 

9 hours 

12 hours 

1 

third hour 

6 

6 

6 

6 

2 

i ( 

8 

8 

8 

8 

a 

C i 

6 

6 

6 

6 

4 

sixth hour 

- 

17.5 

17.5 

17.5 

5 

( ( 

- 

23.0 

23.0 

23.0 

6 

{ c 

- 

15.0 

15.0 

15.0 

7 

ninth hour 

- 

- 

38.0 

38.0 

8 

i c 

- 

- 

46.5 

46.5 

9 

( { 

- 

- 

35.0 

35.0 

la 

twelve hours not sprayed 

- 

- 

- 

61.5 

11 


- 

- 

- 

82.0 

12 

i c 

- 

- 

_ 

77,0 

13 

twelve hours average of 
12 tubes. Not sprayed 

— 

■— 

— 

71.5 


the fact that the temperature was not high enough at the time of applica- 
tion. With laboratory experiments, sulphur dust and a liquid mixture of 
a gas-house residue ‘‘sulphur paste’’ gave excellent results (Table 10). 
The sulphur dust and the paste were applied to spores on slides and 
allowed to germinate under the optimum moisture and temperature con- 
stants. In one ease careful observations made during the 1928 season of 
peach trees dusted during June showed that an excellent control was 
effected (Table 12). 

TABLE 12 . — Effect of powdered sidphur (orchard tests) o?i urediniospores of peach-r%ist 
fungus. Spores removed from leaf sort after trees were dusted 
and tested in moist chamher at 22° (7. 


Late of applying 
sulphur to trees 

Late of testing 
spores 

Spores 

counted 

Spores 

germinated 

Per cent 
germinated 

6-5-28 

6-15-28 

5658 

14 

0.2 

6-5-28 

6-17-28 

4822 

120 

2.7 

Cheek 

6-20-28 

631 

50 

8.0 

6-5-28 

6-21-28 

5328 

60 

1.1 


other fungicides. The successful use of sodium silicofluoride, reported 
by Anderson (2) in the control of Bacterium pruni, the control of green 
storage mold of citrus fruits hy the use of borax solutions, and the increas- 
ing use of mercury compounds as well as light oil sprays in the control of 
fungi prompted their use in laboratory tests. Table 13 shows the effect of 
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the various materials tested. In general, none of these, with the single 
exception of sodium silicofluoride, were promising and the light oil Yolck 
stimulated germination. It is becoming the practice, since oils of various 
grades are coming into use for winter treatments, to combine various sub- 
stances, such as Bordeaux mixture and sulphides, with them. For this 
reason we tried a mixture of sodium sulphide and a light oil emulsion in 
the proportion of 0.5 per cent sodium sulphide to 3 per cent oil emulsion 
ill 1,000 ce. of w^ater. A solution containing 2 per cent liquid-linie-sulphur 
and 4 per cent oil emulsion w^as also used. Almost complete inhibition of 
spore germination was effected in the laboratory but, in the field, these 
sprays were not so successful. 

Sodium silicofluoride 0.25 per cent was used in field experiments but 
the injury to the foliage was so pronounced that its use was discontinued. 


TABLE 13 . — JSffeci of varioii^ fungicides on uredimospores of peach-rust 
fungus at 22° C. 


Kind and dilution 

Spores 

counted 

Spores 

germinated 

Per cent 
germinated 

Sodium silico-duoxide 0.25% 

5529 

25 

0.4 

Borax solution 2.5% 

496 

22 

4.5 

Uspulun 0.25% 

1951 

120 

6.2 

Semesaii 0.25% 

1850 

132 

7.1 

Vokk oil emulsiona 3.0% 

3560 

1226 

34.4 

Lime-sulpliur 2%, oil 4% 

Sodium polysulpliide 5 gms.-30 ce. oil 

4433 

57 

1.3 

emulsion in 1000 ee. HgO 

1350 

0 

0.0 

Water 

12425 

3516 1 

28.30 


a Apparently stimulated germination. 


IDENTITY OP THE PEACH-RUST FUNGUS 

The peach-rust fungus is commonly assumed to be identical with the 
well-known prune rust, TranzscJielia (Pers.) Arth. [Piicoinia 

pruni-spinosae Pers., P. prtini Pers.). This fungus has been reported in 
California for many years upon prune, plum, apricot, and almond, as w^ell 
as upon the peach. (Scribner (33), Cooper (14), Pierce (32), Smith and 
Smith (36), Barrett (7, 8, 9), Blasdale (10).) A peculiar feature, par- 
ticularly marked in the present instance of this peach-rust epiphytotie, is 
the varying specificity of the parasite as to host in different localities and 
the variation in the occurrence of the different spore forms on the various 
hosts and in different places. During the present wurk in the Sacramento 
Valley (1926, 1927, and 1928), considerable attention w^as paid to this 
phase of the subject. During this time the rust was never found in that 
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region on any host except peach. Even though prune trees stood immedi- 
ately adjacent to badly rusted peaches no trace of the disease was found 
in the former host in any case examined. Regarding spore forms, none but 
urediniospores was ever found on peach trees in the Sacramento Valley, 
and many thousands of leaves and sori were examined. 

In the Santa Clara Valley, south of San Francisco Bay, a very different 
situation exists relative to what is supposedly the same fungiiS; In this 
district, where prunes, plums, peaches, and apricots are extensively planted, 
rust develops late in the season almost every year upon the leaves of nearly 
all the prune and domesiica plum trees. In this case the fruiting bodies, 
so far as determined, are all teliospores. Bust is never conspicuous upon 
peach or apricot and, during the years of the investigation herein reported 
considerable attention was paid to this point. Many eases were examined 
of peach and apricot orchards directly adjacent tO! prune orchards where 
the lower side of every leaf of the latter was covered, with teliosori of the 
rust. Not a single pustule was found on peach or apricot. This reversal 
of conditions as to the comparative occurrence of rust on peach and prune 
in the Sacramento and Santa Clara valleys is most complete and striking, 
together with the predominant, if not exclusive, development of uredinio- 
spores on the peach in the Sacramento Valley and teliospores on prune and 
plum in the Santa Clara Valley. On apricot no rust was found in either 
of these districts during the period of this work. In 1927, however, 
a severe outbreak of apricot rust occurred at Arroyo Grande, a small valley 
opening directly on and within one or two miles of the ocean with a very 
cool and humid summer climate. This is in San Luis Obispo County at a 
point about midway betw^een San Francisco and San Diego. Such an out- 
break is not an uncommon occurrence in this locality. The rust develops 
on foliage and fruit during spring and summer with both urediniospores 
and teliospores. 

Turning to the literature, Scribner (33) reports this rust fungus from 
California and other States on cherry, peach, apricot, and plum, and states 
that only the uredinial stage occurs on peach, while on the plum uredinio- 
spores may or may not be present, but there are sometimes a few mingled 
with the teliospores. Cooper's (14) publication is a repetition of that of 
Scribner. Pierce (32) amends the statement of Scribner regarding spore 
forms on the peach, stating that ‘'The spores are mostly uredospores, al- 
though the teleutospores are often found at least in California." ... “In 
the Annual Report of the Commissioner of Agriculture for 1887, jDp. 353- 
354, it is said that no teleutospores are developed on the peach. Although 
less abundant than the uredo form, they have invariably been found in 
badly infected peach leaves in southern California, and these leaves have 
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been obtained from widely separated points in Los Angeles and Orange 
counties. They were fully matured by the middle of October.’’ Smith 
and Smith (36) report the rust on almond, peach, plum, and prune. Bar- 
rett (7, 8, 9), who studied the disease in southern California, found a lim- 
ited production of teliospores on the peach. Blasdale (10) states: '‘Ure- 
dinia and more rarely telia on cultivated peach, plum, prune, almond, and 
apricot, especially in the southern part of the state, but widely distributed. ” 
Many writers elsewhere, particularly in Australia, have noted the compara- 
tive scarcity of teliospores of this fungus upon the peach. Cunningham 
(15) states that in New Zealand teliospores are produced only on the plum. 
Cobb (13, pp. 232-233) stated that teliospores are usually absent on the 
peach but noted that, where the latter was in close juxtaposition to rusted 
plum trees, teliospores were found on both hosts. He suggested that there 
might be two different species or strains of rust involved in this ease. 
Others have suggested the same possibility. McAlpine (27, p. 25) says: 
^Ht is remarkable that the teleutospores are comparatively rare on the apri- 
cot and peach and less so on the almond, but the plum seems to have some 
peculiarity in its constitution which stimulates the formation of the resting 
spores.” Darnell-Smith (16) states that urediniospores and teliospores 
are found on peach. ^‘As yet only two forms of spores are known for this 
species of Puccmia, — the uredo or summer spore, and the teleuto or winter 
spore. These spores are produced in varying proportions on different 
plants. On some hosts the uredospores greatly predominate over the teleu- 
tospores, while on other hosts the reverse is true. It appears probably that 
conditions of food, humidity, climate, and season all tend to vary these re- 
sults. Both spore forms are produced on the under side of the leaves, and 
probably both may, under some conditions, serve as winter spores.” 

Aecial stage. Tranzschel, according to Arthur (3), successfully in- 
fected almond, Amygdahis communis L., blackthorn, Frimus spinosa L., 
and cherry plum, P. divaricata Ledeb., with aeciospores from A7iemone 
coro7iaria L. and A. y^aminculoides L. {Aecidium punctatum^ described by 
Persoon in 1796.) Arthur (3, 4) found aeeia on Anemone, Hepatiea, and 
Thalictrum in the eastern United States and inoculated wild black cherry, 
P. serotina- Ehrb., wild plum, P. a7yie7'ica7ia Marsh, cultivated cherry, P. 
cerasiis L., and peach, P. persica Sieb. and Zuce., with spores of AecMmm 
liepatioiim Schw. from Hepadica ac7ifilol)ay obtaining infection only upon 
P. serofina. He repeated the inoculation the following year upon P, sero~ 
tma and peach wdth the same result. He also inoculated peach wdth ure- 
diniospores from P. sey^otina ^ ‘under seemingly most favorable conditions,” 
but no infection resulted. Jackson (25, pp. 261—283) states that the aecial 
stage on Anemone has never been found in the West. Blasdale (10) : 
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“^Aecia not known from California but found on various species of 
Heporiica, Anemone, and Thalictriom in the eastern United States/’ 
Brooks (1), in England, successfully inoculated plum leaves with aecio- 
spores from Anemone coronaria. Cunningham (15), in New Zealand, says 
‘Hhe aecidial host is an introduced species and is found in but a few locali- 
ties; yet this rust is prevalent throughout New Zealand on stone fruits.” 
He also states that ”as viable uredospores are to be obtained nine months 
of the year it is probable that this is spread chiefly by these spores.” 
Arthur (5) states: ”The aecia are not always required for the propagation 
of the species, particularly in the warmer regions of its range, where the 
rust occurs in greatest severity, largely in the uredinial stage.” Also: 
”On the twigs cankers are produced in which uredinia live from one year 
to the next and perpetuate the rust.” 

In the district in which this work was done no indication of an aecial 
stage of the fungus has been found; in fact, none of the probable hosts 
occur there, except possibly species of Thalictrum in the extensive river 
bottoms. 

SUMMARY 

A severe epiphytotic of a rust-fungus disease of peaches occurred in 
the principal canning-peach section of central California in 1926 and 1927. 
Serious economic loss was caused by disfiguration of the fruit, which ruined 
it for canning purposes, as well as by defoliation of the trees. 

A description of the disease and the causative fungus is given. 

The uredinial stage was the only form of the fungus observed. 

Overwintering of the fungus ivas found to be dependent mainly on twig 
infections -which originate in the fall, remain latent and invisible through 
the winter, and then develop as uredinial sori in early spring. The fungus 
also was carried over to a certain extent by overwintering of older sori on 
the previous season’s twigs and by renew^ed production of urediniospores 
in spring from such sori. 

Subsequent infection of leaves and fruit w^as found to be dependent 
upon the presence of sufficient inoculum and the oecurrenee of periods of 
several days of rainfall and high humidity. 

For the germination of urediniospores a period of at least 3 liours in 
moisture-saturated atmosphere W’^as found necessary. 

The viability of urediniospores attached to living leaves was found 
limited to a period of about 6 weeks. On detached dried leaves the spores 
W'ere somewdiat shorter-lived. 

Urediniospores of the peach-rust fungus germinated over a range of 
temperature between 8° and 38° C. The optimum temperature w^as found 
to lie between 13° and 26° C. The best growth of the germ tubes "was 
observed at about 22° C. 
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Sulpliiir and snlphnr compounds were found to be more toxic than 
copper to germinating urediniospores of the fungus. Mineral oil seemed 
to stimulate germination. 

The. identity of the fungus with relation to the prune-rust fungus 
Tranzschelia pimctuta (Pers.) Arth. {Puccinia Pers.) is 

discussed. In the present instance no spore form other than the uredinial 
was found on the peach and the fungus did not attack trees of other species 
of Prunus (prune, almond, apricot, cherry), even when they were growing 
immediately adjacent to badly affected peach trees. In the Santa Clara 
Valley, California, it was observed that the telial stage of the rust usually 
develops very abundantly on the leaves of prune trees in late fall, but the 
fungus was not found on adjacent peach trees. 

No aecial form of the fungus was observed. 

Division op Plant Pathology, 

University of California, 

Berkeley, California. 
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THE INFLUENCE OP HYDROGEN-ION CONCENTRATION AND 
OP SODIUM BICARBONATE AND RELATED SUBSTANCES 
ON PENICILLIUM ITALICUM AND P. DIGIT ATUM" 

Raimund H. MAEL0TH2. 3 

INTRODUCTION 

Plant pathologists have in recent years become dissatisfied with their 
work in controlling diseases in the mere knowledge that a certain substance 
is effective in destroying a causative organism and have begun to inquire 
just how the results are brought about. The new viewpoint calls for a 
physiological investigation of the organism, particularly in the case of fungi. 

The behavior of microorganisms in their relationships to acid and alkali 
is a phase of the physiology of fungi which has received much attention 
from investigators since the end of the last century. A complete review of 
the investigations of the earlier workers on the effect of acid and alkali on 
microorganisms is given by Webb (23), Johnson (8), and Myers (14). It 
was not until the measurement of active acidity as apart from titratable 
acidity and alkalinity was made use of by the plant pathologists that a 
more exact understanding of the action of the hj^drogen and hydroxyl ions 
on microorganisms was possible,- therefore, the results obtained previous to 
this period can be regarded only as indicative. 

The two most important citrus fruit-destroying fungi in California are 
Femcillium italicum Wehmer (blue contact mold) and P. digiiaium Sac- 
cardo (green mold). Dr. H. S. Fawcett, upon examination of five-hundred 
boxes of stored oranges in four packing houses in central California in 
1927, found that of the decayed fruit 52 per cent was due to green mold, 
32 per cent due to a mixture of blue and green molds, and 11 per cent due 
to blue mold, a total of 95 per cent. The rapid development of the citrus 
industry in California after 1900 resulted in a large increase in the quantity 
of fruit shipped, and investigations were commenced on the control of 
various decays that were responsible for considerable loss by the time the 

1 Paper No. 226, University of California Graduate Seliool of Troiiical Agrieultiire 
and Citrus Experiment Station, Riverside, California. Abridgment of thesis submitted 
in i)artial satisfaction of the requrements for the degree of Doctor of Philosophy in 
Plant Pathology in the Graduate Division of the University of California. 

2 Overseas Scholarship Holder, Department of Agrieulture, Union of South Africa. 

3 The writer wishes to express his deep appreciation to Dr, H. S. Fawcett for his 
kindly infiuenee and beneficial suggestions during the performance of this work and to 
the Director of the University of California Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Riverside, California, for the courtesies extended to 
the writer as a \dsiting graduate student. 
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fruit had reached the markets, particularly those in the east. At that time 
the measures adopted were more in the nature of decay deterrents. Wood- 
worth (28) mentioned refrigeration, ventilation for removing excess mois- 
ture, and wrapping the fruit to absorb moisture. For packing houses, 
sanitation was the main feature. Two angles of the cause of decay soon 
afterAvards received attention: (1) the condition of the fruit which allowed 
infection and (2) the source of decay. Greater care in the handling of the 
fruit during picking, AA^ashing, and packing reduced decay considerably by 
reducing the number of Avounds in the rind, which provide ideal places 
for natural inoculation. The treatment of the fruit itself was commenced 
after Smith (21) found that the washing tank was one of the main sources 
of infection of lemons by the browm-rot organism, PyiliiacysUs ciiropMhora 
Sm. and Sm. The addition of either Formalin, permanganate of potash, 
or copper sulphate to the AAuter in the AAushing tank wsls advised. However, 
this treatment aaus not satisfactory for the control of blue and green mold 
on oranges, and, AAdien experimentation Avith borax, then already a well- 
known preser Amative for articles of food, shoA¥ed that by immersing the 
fruit in a fiA^e per cent solution almost complete control of green mold and 
some control of blue AA^as obtained, it was not long before packing-house 
machinery aaus designed AAdiich AAUuld permit the commercial use of this 
process. 

In 1927 Mr. A. H. Morgan, an orange groAA^er in Eialto, California, found 
that the treatment of oranges Avith sodium bicarbonate gave as good control 
of the decay due to these molds as did borax or a mixture of borax and 
boric acid. Also, at about this time, the holders of the patent rights for 
the use of borax in the prevention of mold decay of citrus fruits, folloAving 
a faAmrahle court decision, started to enforce their rights to royalties for 
its use. Since the inventor of the sodium bicarbonate process had taken 
out a patent and given the free use of his process to the orange groAvers 
for ten years, a change was made in most packing houses from borax to 
bicarbonate Avhen it Avas found that the latter Avas successful on a commer- 
cial scale. Although the use of sodium bicaibonate is more effective than 
borax in reducing blue contact mold, it is not so effective against green mold. 

Here then is the problem: In just AAdiat manner is the prevention of 
decay effected by these substances, sodium bicarbonate in particular, and 
are the differences in reaction of tAA^o such closely related fungi to the treat- 
ing substances such as to confirm the observations made in practicing decay 
preA^entioii ^ Further, is the action of sodium bicarbonate specific or does 
it oAA^e its action to some general physiological phenomenon? 

MATERIAL AND TECHNIQUE 

Since it is Tv^ell known that strains of a certain fungal species will show 
differences in physiological behavior, it appeared desirable to conduct the 
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investigations ‘with material from standard cultures. Hence, cultures were 
propagated from a single colony. Tlie originals, Fenicillmm iialicuni^ No. 
1437, and P. digitaium, No. 1438, were obtained from the stock cultures of 
the Division of Plant Pathology, Citrus Experiment Station, "University of 
California, Piverside. The blue contact mold organism is discussed as 
Penicillmm glaucum Link in early papers, Smith (20), Powell (16), where 
its agency in the decay of citrus fruits is fully considered. 

The determination of H-ion concentration wns made by means of the 
quinhydrone electrode. 

MEDIA 

The first phase of the preliminary investigation was concerned with 
obtaining a satisfactory synthetic liquid medium on which the two fungi 
would grow equally well. Using 150 ce. Erlenmeyer flasks, a series was 
inoculated for each fungus for each of the following media; Czapek’s, 
Duggar’s, Richard’s, Peptone, Pfeffer’s, and Coupin’s. The ten flasks per 
series were adjusted so as to have a hydrogen-ion range of from about 
pH 2.0 to pH 10.0. The adjustments were made with N/5 HCl and 
N/20 KOH by means of the method used by Karrer and "Webb (9) . Obser- 
vations on growth were made daily. "While Penicillium italicum grew 
excellently on Czapek’s, Duggar’s, Pfeffer’s, and Coupin’s solutions over a 
fairly wide range of pH, the behavior of P. digitaium was unsatisfactory 
on all. 

Thom (22) states that Penicillium digitaium refused to grow on syn- 
thetic media containing nitrogen as sodium nitrate. To determine whether 
the nitrate ion was toxic to this fungus or whether it was merely unable 
to use it as a source of nitrogen, Duggar’s solution was made up in four 
lots with nitrogen supplied as ammonium sulphate, ammonium nitrate, 
sodium nitrate, and sodium nitrate plus peptone. It was found that only 2 
per cent germination and no growth were obtained with the sodium nitrate 
solution, as compared with 30 per cent germination and good growth with 
the other solutions. Considering both these results and those from pre- 
liminary culture work, it seems that this species of Penicillium cannot 
utilize the nitrate ion, while the ammonium ion and peptone are usable 
as a source of nitrogen with some difficulty. 

While Penicillium italicum formed an excellent mat in about 8 days on 
the media just mentioned, it took P. digitaiimi twice as long to form a mat 
which could be used for comparative studies. Since the latter fungus is 
specific on citrus fruits and the former fairly cosmopolitan, it was thought 
that the influence of the various portions of the orange would give a clue 
to the differential nutrient requirements. 

Twenty grams of cane sugar per liter were added to strong water 
extracts of the oil-bearing tissue {flavedo), the white of rind [albedo), the 
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TABLE 1 . — Effect of addition of orange juice and total orange extract to Modified 
Buggar^s Solution on the growth of Penicilliuni digitatum. Time grow7i, 8 days 


Aiiiouiit 3,il.(3.Gd 



Orange juice 


Orange extract 

per 50 ce. of 
medium 

Initial 

pH 

Einal 

pH 

Dry weight of mats, 
in gras, (Average 
of 3 mats) 

Final 

pH 

Dry weight of mats, 
in gms. (Average 
of 3 mats) 

Cliecks 

(10 flasks) 

6.7 

6.4 

No growth exce] 

pt a tra 

ee ill two flasks 

2 drops 

6.7 

3.0 

.132 

3.4 

.087 

5 drops 

6.7 

3.2 

.136 

3.2 

.153 

10 drops 

6.6 

2.5 

.198 

2.7 

.219 

2 ec 

6.4 

2.2 

.371 

2.6 

.350 

5 cc 

6.2 

2.2 

.398 

2.3 

.376 


total rind, the pulp, and the total orange. Mycelial growth of both fungi 
was poor but sporulation very dense on the first two extracts, while on the 
remaining three both produced excellent mats and normal sporulation. 
'W^iether this marked stimulation in growth of Penicillmm digitatum was 
due solely to the organic nitrogen supplied is doubted in view of the results 
shown in table 1. To determine in greater detail the influence of such 
substances in citrus fruits on the growth of these fungi on synthetic liquid 
media, an orange extract was produced by grinding up the whole orange, 
adding one liter of water to each kilogram of mash, autoclaving at 14 
pounds pressure for 30 minutes, then straining through cheesecloth, and 
again autoclaving for 30 minutes. Orange juice was obtained from fresh 
fruits with a reamer and then autoclaved. From 2 drops to 10 cubic centi- 
meters of these substances were added to flasks containing 50 ec. of sterilized 
Duggar’s solution by means of pipettes. This work was done in a well- 
sprayed inoculating chamber. Eight days after inoculation the mats were 
taken out and the dry weights determined. 

No growth was obtained in 8 of the 10 check flasks. The two remaining 
flasks showed some mat formation. They had received an extra heavy 
inoculation, tufts of sporulating mycelium having been introduced in addi- 
tion to the spores as added to the other flasks. The addition of two drops 
of orange juice, having 1.6 per cent total solids which gave 18 per cent ash, 
allowed an average growth of 0.132 gm. dry weight. When the amount 
added W' as increased to 2 cc. and 5 cc. the increase in weight of mat formed 
was eonsiderahle and may be partly explained by the addition of an extra 
supply of nutrients. The addition of the ash of the juice failed to give the 
stimulation observed with the juice itself. No significant difference is 
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noted between the inflnenee of the orange extract and the orange juice, 
while similar preparations from grapefruit and lemons in subsequent 
experiments gave similar results. 

Williams (27) has shown that for normal growth baker’s yeast was 
dependent on an adequate supply of a water-soluble vitamin in the medium. 
Willaman (26) found that a small amount of prune, peach, or apple juice 
and decoctions from other plant materials added to synthetic media on 
which Sderotinia cinerea would make no or extremely weak growth allowed 
the fungus to grow at a normal rate. These decoctions and juices appar- 
ently supplied a substance which behaved as a vitamin. 

Whether it can be postulated that PenicilUum digit atiim requires for 
its growth the presence of a vitamin found in citrus fruits, hence explaining 
its specificity, is problematical. Unfortunately, the continuation of this 
phase of the nutrition of this fungus lies outside of the scope of the present 
paper, but repeated experiments confirmed this influence of the orange 
extracts. As a result of this phase of the work a synthetic liquid medium 
of wdiich the proportions of the principal nutrient constituents were known 
and which allowed approximately the same rate of development of excellent 
mats of both fungi was now available. 

The writer has decided to name the synthetic medium used ‘‘Modified 
Duggar’s Solution.” The modifications include the use of ammonium 
sulphate since the nitrate ion has been shown to be unusable by PenicilUum 
digitatum, the monohydrogen phosphate because its use results in a pH 
value of the solution nearer the neutral point, and a reduction in the amount 
of magnesium sulphate to lessen the amount of precipitate formed in alka- 
line solutions. The chemicals used were the usual C.P. salts, and these 
contain impurities in sufficient quantities to supply all the essential elements 
for fungal growth. 

Modified Duggar’s Solution: 

(NHJ.SO^ 10 gms.; KoHPO,, 5 gins.; MgSO, • 7 H 3 O 1 gm.; FeSO, 
trace ; cane sugar 25 gms. ; HgO 1 liter. 

From 2 to 5 per cent orange extract was added to the medium at time 
of making, the percentage depending on the amount available. 

Orange-glucose-potato agar was found to give a more vigorous growth 
for both fungi, with plentiful sporulation, and w^as used throughoiit the 
work. Five per cent of sterilized orange extract was added when filling 
the test tubes for slants, for it was found that if the orange juice was auto- 
claved with the agar the latter would not harden. This process was per- 
formed in the inoculating chamber, the test tubes and plugs having been 
sterilized before filling, and a re-autoclaving after filling was not necessary. 

Cultures. The liquid medium was made up in large enough quantities 
for each complete experiment. Bach flask contained 50 cc. of the medium, 
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Erlenmeyer flasks of 150 cc. eapaeity being used throiiglioiit. Spores from 
slants were transferred to tke culture flasks by means of a chrome! wire 
loop. It was found that spores from cultures up to three months old did 
not wary in percentage of germination, and as long as an even distribution 
of spores over the surface of the medium was obtained the final mat weight 
was not influenced by the inoculation process. 

The age of the culture of a fungus at which the mat attains maximum 
weight varies mainly with the medium and the temperature at which grown. 
The influence of temperature on growth was minimized by setting up a 
complete experiment at once, the flasks being kept on trays at room tem- 
perature. Fawcett and Barger (6) showed that the two fungi concerned 
here were generally affected similarly by different temperatures. To deter- 
mine the approximate length of time cultures should be grown to obtain 
best results before autolysis sets in, a series of flasks for Penicillmm iialicitm 
and P. digitahtm was placed in the incubator at 21.5° C. Pour flasks were 
removed daily, the mats washed in water, dried in the oven for 24 hours at 
95° to 98° C. and weighed. The growth curves for the two fungi are almost 
similar, with P. italicum reaching maximum weight in 6 days and P. digi- 
iatiim in 7 days; autolysis is slow up to 12 days (Fig. 1) . Since conditions 



modifi-Bd Duggar^s solution + 10 per cent orange extract + 1 per cent 
potassium citrate (50 ml. per flask). 

here were almost optimum for mat growth, it was decided to grow all mats 
for 8 days in future experiments to allow for lagging in growth due to any 
slightly unfavorable conditions. The final hydrogen-ion concentrations of 
media were always determined. 
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Germination. For the germination experiments Van Tiegliem cells 
were sealed with paraffin to glass slides, two cells to each slide. The bottom 
of the cell w^as covered with distilled water and a touch of vaseline put at 
two opposite spots on the upper edge of the ring, upon which the cover 
glass rested. With germination experiments in different media, suspensions 
of spores, obtained from slant cultures about one month old, were made. 
A drop of each suspension was then placed on a cover glass and inverted 
over its respective cell. This was done in duplicate for all determinations. 
When germination had proceeded the desired length of time, the cover 
glasses were raised and a few drops of chloroform introduced into the bot- 
tom of the cells. This wms done to stop germination and growth during 
periods of observation and measurement. 

Where the spores were subjected to different treatments by bringing 
them in contact with various alkali solutions, a slight modification of the 
technique of Henderson Smith (7) wms used. Spores were introduced into 
15 cc. of the treating substance in a test tube, well shaken, and 1 ce. of the 
suspension run into 10 ce. of distilled water in a centrifuge tube at the 
exact completion of the time of treatment, the time being noted on a stop 
watch. This wns then centrifuged for 10 minutes, the water poured off and 
a few ec. of Modified Duggar’s Solution plus orange extract squirted into 
the tube, making a new suspension from which hanging-drop cultures 
were made. 

Germinated spores which w^ere to be subjected to different treatments 
were obtained by dusting a very thin film of spores on Modified Duggar’s 
Solution (in further references to Modified Duggar’s Solution it will be 
understood that 5 per cent orange extract has been added unless otherwise 
stated), just covering the bottom of a large flat specimen dish. AVlien 
examination showed that gex'*mination was well under waj^, the germ tubes 
not being too long, the medium was poured out and a suspension made. 
This suspension was then added to the treating substances, the amount 
being determined by the heaviness of the suspension, and the process was 
continued as described above. Observations on the amount of germination 
were made on both cells on each slide, three fields in each cell generally 
being counted. Careful counts were made in all cases where the germina- 
tion was less than 20 per cent, for it w^as in this range that results that 
would count were looked for. 

HYDEOGEN-lON-COISrCENTRATION STUDIES 

In obtaining the suitable medium already mentioned, it was noted that 
the pH of the media after supporting growth showed great variation both 
within each series and between different media, but that the results pro- 
duced by the two fungi were somewhat similar. The change in pH from 
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the initial value seemed to have a relation to the amount of growth. Klotz 
(10) showed that Aspergillus nig&r began autolyzing after 3 days, the 
disappearance of the carbohydrates from the culture medimn being syn- 
chronous with the beginning of autolysis. By growing PenicilUum italicum 
on Czapek’s solution, the writer found that this fungus autolyzed extremely 
rapidly after the ninth day where the initial hydrogen-ion concentration 
of the medium was pH 4.0. The medium showed a marked change in pH 
towards the alkaline side only after autolysis had set in. That P . italicum 



titrated into 50 ml. medium. Determinations by quinhydrone electrode.) 
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produces oxalic acid when grown on media containing sucrose has been 
showm by Currie and Thom (5), the production being considerable when 
calcium carbonate is present to remove the acid in combination when 
formed. Since the two fungi here studied changed the reaction of the 
medium similarly, it is accepted that P. digitatum also has oxalic acid as 
one of the main products of metabolism. 

The buffer systems of the medium will largely determine the final pH 
if the amount of growth is the same at different initial pH values. This 
change in reaction of the medium invalidates experiments to find the opti- 
mum hydrogen-ion concentration for growth where only the initial values 
are known; the medium has to be kept at constant pH for true results. 
To be able to interpret comparatively the changes in reactions of the media 
due to the fungus growth, electrometric titrations of Modified Duggar^s 
Solution with and without potassium citrate were made. The titration 
curves are shown in figure 2. The addition of citrate allows fungi to be 
grown over a wider range of hydrogen-ion concentrations of the media with- 
out the differential change in the reaction influencing final results. The 
direct and indirect influence of the citrate on the growth of the fungi was 
tested out in a comprehensive experiment in which the concentrations of 
citrate and sucrose in the medium were varied. The results are shown 
graphically in figure 3. It is seen that neither fungus can utilize the citrate 
as a source of carbon for metabolism when no sucrose is present. Camp 
(3) found that citrate mixtures adjusted to a favorable pH value proved 
to be efficient as a supplementary carbon source when used with small 
quantities of dextrose for all the fungi he worked with except Penicillium 
digitahim and Phomopsis citn. Sakamura (18) holds that the favorable 
influence on the growth of Aspergillus niger by the addition of oxalate, 
citrate, or phosphate of potassium is due to its helping to maintain a favor- 
able pH in the media. The increase in the amount of sucrose when no 
citrate was present resulted in almost proportional increase in mat growTli 
ill the results recorded here, but the mat growth in the medium containing 
20 gins, sucrose and 10 gins, citrate is greater than that in which 30 gms. 
sucrose is present. Wliether this extra growth is due to the ability of the 
fungus to utilize the citrate or whether it was because the medium main- 
tained a hydrogen-ion concentration most favorable for growth cannot he 
stated, but the writer thinks it is mainly because a favorable reaction is 
maintained in the medium. 

The growth of fungi in a medium of constant hydrogen-ion concentra- 
tion was attempted by Sideris (19), but the nearest approach to such con- 
ditions has been attained by Marloth (13) with his apparatus which makes 
possible the repeated renewal of the medium under the fungus mat. An 
improvement on that apparatus is offered in figure 4. The tube G has been 
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GwS. potass luttt C itrqte added per litre 



Sf ^JrosT. Su&t'osc and ponass.iurn oilrofte dddcd per litre 



Fig. 3. — Effect on growtli of varying tlie proportions of sucrose and citrate in the 
medium. (Modified Duggar^s solution + 2 per cent orange extract.) 


extended to the bottom of the flask to prevent the new supply of medium 
lodging on top of the mat. Furthermore, round-side flasks are more satis- 
factory than Erlenmeyer flasks. 

Using the improved apparatns with 70 ec. Modified Duggar’s Solution 
in each flask, cultures were grown as follows : 
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Ho citrate 

P, italicum, 8 days 


Initial pH 

Av. dry wt. of 2 mats, in gins. 

. 2.05 

.139 

2.5 

1.058 

3.9 

1.265 

4.6 

1.663 

6.0 

1.38a 

P. digit atwnij 9 J days 

Initial pH 

At. dry wt. of 2 mats, in gms 

2.3 

.. .032 

2.7 

.822 

4.9 

.818 

5.9 

.667 

6.5 

.376 

1 per cent potassium citrate 

P. italicum, 8 days 

Initial pH 

Av. dry wt. of 2 mats, in gms 

2.5 

1.160 

3.15 

2.947 

5.6 

2.357 

6.05 

2.049 

6.8 

1.631 

P. digitatum, 8 days 

Initial pH 

Av. dry wt. of 2 mats, in gms 

2.5 

.137 

3.0 

1.898 

3.7 

1.935 

5.0 

1.699 

6.75 

.394 


The ‘‘no citrate” and the “citrate” are not comparable, due to the for- 
mer having been grown during cold weather and the latter during very 
warm weather. Further, in the ease of the no citrate series, the daily drop 
in the pH of the medium was relatively large, from pH 5.6 to 4.1 for Feni- 
cilliitm italicum and from pH 5.8 to 4.3 for P. digitaHm after the mats 
were well formed. "With the citrate series the daily change in reaction w^as 
smaller, the greatest being from pH 5.6 to 4.8 for P. italicum and from pH 
6.7 to 5.9 for P. digitahim. These marked changes in reaction usually 
occurred with media having an initial pH above 5.0, whereas the change in 
media with pH 2.5 w^as very slight. Table 2 shows the daily drop in pH 
value due to the growth of P. digitaUmi on medium plus citrate. Check 
flasks grown on 70 cc. of medium for 8 days gave a final pH of 2.1 for P. 
Ualicum and 2.45 for P. digitatum when no citrate was present as a buffer. 
No cultures have been found to have a lower final pH than 1.9 and 2.2, 
respectively, for these two fungi. This final hydrogen-ion concentration of 
the media depends somewhat on the initial pH, for when no citrate was 
present as a buffer the reduction wms from 2.7 to 2.0, 4.4 to 2.5, and 6.4 to 
2.6 for P. italicum and from 2.7 to 2.2, 4.4 to 2.4, and 6.4 to 2.5 for P. digi- 
tatum (Table 3). 

The limits of the hydrogen-ion concentration of the media which would 
allow growth of the fungi under investigation w^ere not exactly determined, 
but it is seen that they have a fairly wide optimum range. Numerous cul- 
tures have indicated that PenicilUum italicum will not form a mat if the 
initial pH of the medium is below 2.1 or above 7.9, and P. digitahtm not 
below 2.4 or above 7.8. Particularly in the case of the latter fungus the 
mats are very unsatisfactory above the neutral point, being generally sub- 
merged. However, a fair amount of mycelium will develop within the- 
liquid medium up to pH 8.5. 



Growth of PenicilUum digit atuin in flaslcs. Medium renewed daily, with 70 cc. Modified Vug gar’ 
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TABLE S—Mat growth per day in flaslcs contammg Modified Buggar’s SoliiMon^d per cent orange extract 
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The morphological natnre of the mats of both of these fungi was 
directly influenced by reaction of the media, those grown on media of pH 
2.6 and below being brittle and wrinkled with no or only slight sporulation, 
while they were slimy with excellent sporulation on media of pH 6.0 or 
above. 

Two series of cultures of 64 flasks each were grown, one with citrate and 
the other with no citrate in the medium, three initial pH values of 2.7, 4.4, 
and 6.4 being used for each series. Two flasks were removed daily, the final 
pH determined, and the mats dried and weighed. The results as shown in 
table 3 bring out two points already noted; namely, that FemcilUum digi- 
iatum grows more rapidly than P. italicum and that the addition of citrate 
to the medium results in better growth for both fungi. The three initial 
pH values of the media were chosen with 4.4 as the optimum for growth 
and 2,7 and 6.4 as being near the acid and alkaline limits. The wider range 
of tolerance for hydrogen-ion concentration is shown by P. 

Further, this fungus reduced the pH value of the medium to 2.0 and P. 
digitaUim to 2.2 in 8 days, and these figures may be taken as the lower limit 
for growth, the latter fungus not having so low a limit as P. italicum. 

AVhether the maximum hydrogen-ion concentration of a medium in 
which growth will start or which will allow growth to continue should be 
regarded as the lower limit is debatable, but nevertheless it remains that 
Penicillnim italicum is more tolerant towards acid for growth than P. digi- 
tatum. This order of tolerance remains true also on the alkaline side, for 
abnormal and restricted growth occurs with P. digitahim at a pH value 
where P. italicum forms almost normal mats. 

Germination. The germination of spores of fungi in relation to the 
hydrogen-ion concentration of the media has received excellent study by 
Webb (23, 24) . In his first paper he records that the maximum germination 
for most fungi studied was between pH 2.8 and 3.1. The highest reaction 
which allowed germination, although slight, was pH 10.0 at 27^ C., Peni- 
cillium cyclopmni being the fungus. The second paper records the limits 
and optimum range of germination for certain fungi on different media at 
various temperatures. He found that P. italicum had the following 
ranges: Mannite: Ortho-phosphoric acid 2.0 to 7.7, Czapek 1.8 to 8.2, pep- 
tone 1.6 to 7.2, beet decoction 2.4 to '8.9. The optimum range was pH 3.0 
to 4.0 for all media. 

Webb summarizes as follows: ^'On comparing equal concentrations of 
H and OH ions, the OH ions appear to be relatively more toxic to spores 
studied than H ions. The toxicity of H ions is fairly independent of the 
other conditions studied, while that of OH ions tends to be more or less 
variable or antagonizable, according to the composition of the medium. ’ ’ 



184 


Phytopathology 


[VoL. 21 


TABLE 4. — Efect of pH of medium on germination of spores in Van Tie ghem cells. 
Modified Duggar's Sol. + S per cent orange extract. No citrate 


Percentage of germination 


pH 

Femcillium 

italicum 


Pcnicillium 

digitatum 


24 hrs. 

60 hrs. 


24 hrs. 

60 lira. 

1.5 

0 

0 


0 

0 

1.95 

0 

15 


0 

0 

2.4 

25 

75 


10 

40 

3.0 

80 

95 


70 

80 

3.7 

90 

E 


80 

90 

5.3 

90 

E 


80 

E 

6.1 

90 

E 


70 

E 

6.5 

90 

E 


70 

E 

7.05 

60 

E 


50 

E 

7.1 

50 

E 


60 

E 

7.8 

40 

E 


60 

E 

8.2 

40 

E 


50 

E 

8.4 

60 

E 


70 

E 

9.0 

50 

E 


40 

E 


E = Hanging drop overgrown, thus unable to count spores. 


TABLE 5. — Effect of pH of medium on the germination of mature spores in Van 
TiegJiem cells. Modified Huggar^s Sol.-\-5 per cent orange extract. 

No citrate. Set up in duplicate-. Temperature S4°-S0° C. 


Percentage of germination in 19 hours 


pH of hanging drop 

Fenicillium italicum PeniGillium digit at um 


6.55 

100 



45 


7.85 

98 



40 


8.1 

99 



32 


8.2 

98 


45 


50 

8.4 

98 


42 


50 

8.6 

97 



50 


8.9 

96 


31 


20 

9.2 

98 


52 


60 

9.4 62 


85 

37 


57 


The wider range of tolerance for H ions exhibited by Pemcillium 
iialicum in comparison with P. digitatum for growth finds a parallel in the 
germination experiments recorded in tables 4 and 5, especially on the acid 
side. Of the media used, Modified Duggar’s Solution allowed maximum 
germination. A series of cells was set up with the medium used for the 
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hanging drops adjusted to 14 different pH values. The resulting per- 
centage of germination after 24 and 60 hours is presented in table 4. Here 
the lower limit for P. italicum is 1.95 and 2.4 for P. digiiaium. A small 
subsequent similar experiment gave 3 per cent germination at pH 1.85 and 
2 per cent at pH 2.75, respectively, for the two fungi, and these values are 
presented as the low^er limits of germination on this medium. The amounts 
of germination recorded on the alkaline side are subject to criticism, for, 
while the initial pH of the hanging drop w^as as is given in the table, refer- 
ence to figure 2, which gives the titration curve for the medium, will show 
how weak the buffer system is in that range. This explains why media 
adjusted to pH values on the alkaline side change towards the neutral point, 
even when merely standing in cotton-stoppered flasks, independent of the 
change in reaction of the hanging drop due to the first slight growth of the 
spores. A repeat experiment is recorded in table 5. In this the period 
for germination was shortened and the cover glasses were sealed to the rings 
to exclude the entrance of a constant supply of carbon dioxide from the air. 
In addition, the pH was determined for flasks of the adjusted media before 
and after the experiment and the lower value given as the pH of the hang- 
ing drop. A retardation of germination is noted above pH 9.2 for P. 
italicum^ but the behavior of P. digiiaium was very variable. As it was 
not possible to adjust Modified Duggar’s Solution to pH values higher than 
9.6 without the addition of so much alkali as to radically alter the compo- 
sition of the medium, the upper limit of germination for these fungi on 
this medium has not been determined, although it was found that P. 
iialicum gave only 20 per cent germination and P. digiiaium 10 per cent 
at pH 9.7. Using Sorensen's glycocoll buffer mixture, as given in Clark 
(4), no germination for either fungus was obtained above pH 9.7. No 
germination of the spores of either of the blue or green molds was obtained 
in 2.6 and 10 per cent solutions of sodium and potassium carbonate and 
bicarbonate and 4 per cent sodium borate in water to which 2 per cent 
sucrose had been added. The pH values of the bicarbonate solutions were 
8.3 to 8.6, of the carbonates, 11 to 11.4, and of the borate, 9.4. An inter- 
esting observation in the preliminaries to this experiment was that the per- 
centage of germination of both fungi wms twice as great in sucrose dissolved 
in tap water as in sucrose in distilled water and much less when dextrose 
was used instead of sucrose, the highest percentage of germination in any 
of these media being only 40 per cent, A further determination on the 
lower limit of germination was made, this time with KCl-HCl buffer solu- 
tion plus 2 per cent dextrose. Again it was noted that P. iialicum has a 
lower limit, pH 2.0 as against 2.2 for P. digiiaium^ the latter being rela- 
tively inhibited below 2.4. 



186 


Phytopathology 


[VoL. 21 


INFLUENCE OF THE SODIUM ION 

In studying tlie toxic properties of a chemical substance it is desirable 
to know the effect of the individual ions as well as that of the combined 
compounds on the microorganisms. With mercury salts it is known that 
their toxic properties lie in the mercury ion, as shown by Madsen and 
Nyman (12). Working with Penicillium glaueum (probably P. iialimni) 
Boeseken and Waterman (2) concluded that the cause of the toxic action 
of certain metallic salts, as well as boric acid, is not purely physical, but 
may be primarily chemical; the most active elements form complex com- 
pounds within the organism. With sodium bicarbonate it is not even 
known whether the toxic property is an indirect or a direct one, that is, 
whether it lies in the whole or part of the compound or in the reaction 
caused by its dissolution in water. Levine, Buchanan, and Toulouse (11) 
showed that the addition of NaCl, Na 2 C 03 , or NasPO^ to NaOH markedly 
decreased the killing times for bacteria, suggesting that it is the undisso- 
ciatecl NaOH which, penetrating the cell, causes death. That this is con- 
troversial is shown by Meyers (14) who states ‘Hhat the disinfectant action 
of an alkali is one largely due to the concentration of free hydroxyl ions in 
solution has been generally accepted.’’ He offers a review of the work of 
other investigators, most of which pertained to bacteria, and the alkalies 
used were strongly dissociating ones, such as hydroxides and carbonates. 
With sodium and potassium bicarbonate the reaction of a 6 per cent solu- 
tion is only pH 8.5. Since it has been shown earlier that spores of 
P. iialicum and P. digitaium w^ould germinate in media of pH 9.7, the dis- 
infectant property of sodium bicarbonate cannot wholly be explained by 
the hydroxyl-ion concentration of the solution. 

To test the influence of the sodium ion on the growth and germination 
of the Penicillium species here under investigation, sodium citrate, potas- 
sium citrate, sodium chloride, and potassium chloride were added to Modi- 
fied Duggar’s Solution in varying concentrations, calculated in parts per 
million of sodium or potassium ions. Two series of cultures were grown 
with each salt, and the growth results are plotted in figures 5 and 6. The 
data were obtained from 150 cultures in which the cation concentrations of 
sodium and potassium citrate were from 2,500 to 20,000 p.p.m. Three 
flasks were used for each value. It was found that potassium citrate up 
to a concentration of 35,000 p.p.m. of potassium did not inhibit growth and 
germination of P. iialicum and that P. digitaium was only slightly inhibited 
relative to the effects of the sodium salt. (Eeferences to ‘ 'inhibition of 
growth and germination” mean fairly marked inhibition.) Sodium citrate 
has a marked inhibitory influence on the germination of P. iialicum at 
20,000 p.p.m. and on P. digiiatum at 15,000 p.p.m. It inhibited the 
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tract 4- varying concentrations of potassium and sodium. 



Tig. 6- — Growtli of P enicillium digitaium in modified Buggar's solution orange ex- 
tract + varying concentrations of potassium and sodium. 

growth of the latter fungus at 10,000 as compared with 20,000 p.p.m. for 
the former. Sodium and potassium chloride were similar in their inhibi- 
tory effects on the growth of both fungi, the dry weights of mats formed 
in the presence of 10,000 p.p.m. of sodium or potassium being negligible. 
The indications are that with these two salts it is the chlorine ion which 
causes inhibition of growth, especially as the potassium salt does not inhibit 
germination of P. iialicum at all up to 20,000 and P. digitahim only above 
15,000 p.p.m. Unfortunately, the amount of dissociated anions and 
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cations in the solutions used by the present method could not be calculated, 
so that the comparison of the toxic influence of the chloride and citrate 
salts based on the total p.p.m. of cations added is not quite justifi- 
able. Throughout all of these series a favorable initial pH of the media 
was maintained and the final pH values in no ease were beyond the usual 
limits. That the factor of the osmotic pressure of the solutions had no 
obvious influence on the results obtained is shown by the normal germina- 
tion and growth when the medium contained 50 per cent sucrose with an 
osmotic pressure of 38 atmospheres as compared with 17.3 atmospheres for 
the solution containing 35,000 p.p.m. potassium as citrate. 

In interpreting the recorded results the difference between the sodium 
and potassium ions seems to warrant the conclusion that the potassium ion 
up to the high concentrations used exerts no inhibitory action, while the 
sodium ion, whether added as citrate or chloride, is undoubtedly toxic to 
both fungi at the higher concentrations but to a greater extent to Penicil- 
Uum digiiatiim. 

EFFECT OF BICARBONATES AND CARBONATES ON SPORES 

The critical pH values of the medium for growflh of PenicUlium italicum 
were found by Johnson (8) to be 1.9 to 2.2 and 9.1 to 9.3 on Czapek’s 
medium, and the toxicity of salts, molecule for molecule, as follows: 
KCl < NaCl < Na 2 C 03 < K^COg. Since the two latter salts give pH 
values of 10+ when in solution in the concentrations used, the major part 
of their toxicity is undoubtedly due to the high hydroxyl-ion concentration 
and to the bicarbonate ion, as will be shown later, when the pH of the 
medium is 8.2 or slightly higher after the addition of the salts. Pratt (17) 
shows that 5.6 per cent potassium bicarbonate in Richard’s solution, giving 
a pH value of 8.4, allowed no germination of PenicUlium sp. spores. 

The percentage of the solution of sodium bicarbonate in which the citrus 
fruits are immersed for treatment is from 3 to 4 per cent, this having been 
found to be the most suitable concentration for use in commercial packing 
houses. While it has been found that better control is obtained with a 6 
per cent solution it is not practical to use due to the heavy deposits of salt 
forming on the machinery which conveys the fruit. A 1 per cent solution 
of sodium carbonate causes injury to the fruit, and this concentration is not 
sufficient to give such good prevention of decay as the 3 per cent solution. 
The process used in packing houses is that after being washed in a soap 
solution wuth brushes the fruit is immersed in the bicarbonate solution 
heated to 100° F. for from 4 to 6 minutes. As the fruit comes out of the 
last tank a thin spray of water washes off the excess treating solution, after 
which it is dried by means of warm air and then wrapped. Barger (1) 
treated large quantities of experimentally injured, inoculated, and orchard- 
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run fruit in baths of sodium borate and sodium bicarbonate to which mixed 
spores of both fungi had been added. His results of 4 minutes soaking in 
solutions at 100° P. include the following amounts of decay after 6 weeks. 



Solution: Water 

Injured Fruit 
41% sodium 

3% sodium 

5% sodium 

Percentage 

of decay : 86.0 

borate 

€9.3 

bicarbonate 

35.3 

bicarbonate 

32.0 

Percentage 

Solution : Water 

of decay: 28.3 

Nonin jure d Fruit 
4—5% sodium 
borate 

18.2 

4-6% sodium 
bicarbonate 

16.7 



Effect on nongerminated spores. Naturally one of the first questions 
to arise is whether the spores themselves have been killed or whether the 
fruit has been conditioned in some way so as to render the start of decay 
•difficult. The effect on the germination of the spores of Penicillium 
italicum and P. digit at urn of various concentrations of sodium and potas- 
sium carbonate and bicarbonate is given in tables 6 and 7, the former re- 


TABLE 6 . — Effect of treatineiit of nongerminated young, mature spores. 
Temperature 25°—30° C, 


Treatment 

Time, in min. 

Per cent germination 

in 24 hours 

Penicillium 

italicum 

Pe-nicilliujn 

digitatum 

■Cheek 


100 

80 

4% Na,B,0: . IOH.,0 

5 

86 

40 

2 % NaHCOa 

2 

97 

55 


5 

91 

50 

■6% NaHCOa 

2 

72 

15 


5 

63 

11 

.2% Na-COj 

2 

85 

90 


5 

80 

80 

6% Na-COa 

2 

78 

50 


5 

75 

15 

2 % KHCO 3 

2 

95 

90 


5 

80 

60 

•6% ICHCO 3 

2 

80 

60 


5 

65 

50 

2 % K.COa 

2 

98 

35 


5 

80 

25 

43% K,C03 

2 

95 

25 


5 

65 

18 
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TABLE 7 . — Effect of treatment on nongerminated spores 6 days old. 
Temperature £0°SS° C. 


Treatment 

Time, in min. 

Per cent germination in 24 hours 

Penicillium 

italicum 

Penicillium 
digit atum 

Cheek 


95 

50 

4% . lOHoO 

10 

50 

45 


2 

95 

45 


5 

90 

40 

10% E-aHCOa 

10 

85 

35 


25 

25 

20 


45 

20 

20 

10% Na.COs 

2 

90 

40 


5 

80 

30 

6% KHCOg 

2 

95 

45 


5 

90 

40 

15% KHCOa 

10 

85 

40 


25 

70 

15 

25% KHCOa 

10 

25 

10 


25 

10 

5 

4; 1000 HgClo 

5 

0 

0 


cording results witli young mature spores and tlie latter with spores 60 days 
old. The success of the experiments depends on the wetting of the spores 
so as to allow the treating substances to act on the spore wall or the proto- 
plasm within. That this was accomplished is shown by the fact that the 
mercuric chloride-treated spores gave no germination, showing complete 
wetting. Since this was an aqueous solution of higher surface tension than 
the alkali solutions, it may be presumed that the latter completely wetted 
the spores. Following the two-minute treatment of all concentrations of 
the biearbonates and carbonates the reduction in germination of the young 
mature spores of P. iialtcum is not great enough to be really significant, 
while with those of P. digit atum it is marked. However, a 4 per cent solu- 
tion of sodium borate is more etfeetive against the latter fungus than the 
former, this being the case in commercial treatments. Certain facts regard- 
ing both fungi are clearly indicated. The resistance of 60-day-old spores 
against the treating substances as compared with 14-day-old spores is quite 
marked for P. digit aium. The increase in concentration of the treatings 
substances increases the extent of spore mortality. This is without any 
significant increase in pH value of the solutions, as shown by the values 
given in table 8. Increase in time of treatment increases the number of 
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TABLE 8. — Effect of treating germinated s'gores. Temperature C. Percentage 

germinated 'before treating, Penioillium italicum 70, Penicillium digitatuni 40 


Treatment 

pH 

Time, 
in min. 

Per cent germination in 22 hours 

Penicillium italicum 

Penicillium digitatum 

Total 

Growth 

Killed 

Total 

Growth 

Killed 

Cheek 

7.0 



98 

E 


98 

E 


4% Na,B.O, • 10H,O 


5 

90 

G 

20 

45 

P 

40 

2% NaHCO, 

8.3 

2 

95 

E 

3 

85 

E 

1 



5 

95 

G 

10 

85 

E 

3 



2 

90 

P 

10 

75 

E 

5 

6% NaHCO, 

8.4 

5 

85 

P 

25 

80 

Y.G. 

10 



10 

75 

P 

50 

80 

T.G. 

30 



2 

90 

G 

15 

55 

P 

30 

10% NaHCOj 

8.5 

5 

80 

F 

40 

50 

P 

35 



10 

75 

P 

60 

50 

P 

35 

2% Na.COa 

10 + 

2 

85 

G 

15 

60 

G 

15 



5 

80 

P 

25 

55 

P 

20 

6% N"a..CO., 

10 + 

2 

80 

P 

20 

50 

P 

20 



5 

70 

P 

40 

45 

P 

30 



2 

80 

P 

15 

45 

P 

40 

10% Na-EO^ 

10 + 

5 

75 

V.P. 

50 

45 

Y.P. 

40 



10 

70 

V.P. 

65 

40 

None 

40 

2% KHCO, 

8.4 

2 

95 

G 

2 

80 

Y.G. 

3 



5 

90 

G 

10 

75 

G 

8 

6% KHCO, 

8.5 

2 

90 

G 

10 

60 

P 

15 



5 

80 

V.P. 

50 

45 

P 

35 

2% K.,CO, 

10 + 

2 

80 

P 

10 

50 

P 

15 



5 

75 

P 

25 

45 

P 

20 

0% K..CO, 

10 + 

2 

75 

P 

15 

50 

P 

25 



5 

70 

V.P. 

50 

40 

None 

40 

4: ID DO HgCl, 

3.0 

5 

70 

None 

70 

40 

None 

40 


E = Excellent; a = aood; E = Eair; P = Poor; V.P.^Gerni tubes not more tiiaii 20 jx in 
length. 


spores killed. Tlie sodium salts are sliglitly stronger clisinfeeting agents 
than tlie potassium salts. The same percentage of carbonate is more effec- 
tive than the bicarbonate in killing the spores. Nevertheless, the reduction 
in germination, with the exception of 25 per cent potassium bicarbonate 
solution for 25 minutes, is not sufficient to explain the degree of prevention 
of decay obtained in the commercial process. It is true that after the 
spores have been in the treating tank of sodium bicarbonate for several 
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lionrs all will have been killed, but there are sufficient spores in the atmos- 
phere of the packing houses settling on the fruit as it passes along the 
conveyers after treatment to nullify the results of treatment unless some 
other factor or factors were involved. The writer believes that he has 
found this factor to be the thin film of sodium bicarbonate left on the rind 
of the fruit after drying. 

Effect on germinated s'pores. In the experiments with germinated 
spores, as mentioned previously, a dusted film of spores was allowed to ger- 
minate on liquid medium. Due to the great difference in the rate of germi- 
nation in such a film, the suspension had to be made when only 70 per cent 
of the spores of Penicillmm italiciim and 40 per cent of P. digitatnm had 
germinated, for otherwise the germ tubes which appeared first would have 
increased to such a length as to render the making of the suspension and 
subsequent treatment impossible without breaking off these tubes. Checks 
of the original suspension 'were set up at the time of treatment and the 
total germination in these reached 98 per cent for both fungi. The expla- 
nation of the results for the percentage of germination recorded in table 8 
is that '^TotaP^ gives the figure for the total percentage of germinated 
spores in the hanging drop, ‘‘Growth” refers to the comparative lengths of 
the germ tubes, and “Killed” is the percentage of germinated spores 
which have been killed by the treatment. Since it has been showui that 
nongerminated spores are not all killed by treatment, a certain number of 
nongerminated spores in the suspensions here used must have germinated in 
the hanging drops after treatment, even though they had been rendered less 
resistant by their contact with the medium and the cell walls thereby hav- 
ing become softened. This complicated the observation of the number of 
spores killed, but, by using the mercuric chloride-treated spores as a check, 
a fair estimate could be obtained, as the germ tubes here had not elongated 
and collapsed. AVhere no increase in the length of the germ tubes took 
place and the amount of germination was the same as in the original sus- 
pensions complete killing occurred. 

These treatments with germinated spores are duplicates of most of those 
recorded in tables 6 and 7. Certain similarities are noticed in the results 
obtained. Naturally mercuric chloride gave complete killing, and also 
sodium borate gave a greater relative amount of kill of Penicillmm digi- 
tatum than ol P. it alicmn. Like in the commercial treatments, the biear- 
bonates gave a greater relative amount of kill with the former than wdth 
the latter fungus. Further, an increase in concentration of treating sub- 
stances and in time of treatment gave an increase in kill, both of the nonger- 
minated and germinated spores in the mixed suspensions. However, no 
constant difference in the percentage of kill is noticed between the sodium 
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and potassium salts^ Mdiile the same percentage of carbonate is considerably 
more effective than bicarbonate. This latter effect is undoubtedly due to 
the high hydroxyl-ion concentration of the carbonate solutions^ for it has 
been shown by many workers that very few, if any, microorganisms can 
survive in the presence of a pH value above 10. Myers (14), working on 
the effect of alkaline washing solutions on Bacterium coli and Bacillus 
cerms, states that ''powders that gave solutions of high pH values were 
distinctly more effective as germicides than those that gave solutions of low 
pH values.’’ It is noticed that a 6 per cent solution of sodium bicarbonate, 
stronger than is used in practice, does not give a satisfactory kill even with 
the germ tubes exposed to it but that 10 per cent with 10 minutes treat- 
ment does. 

That the toxicity of the sodium ion plays a very minor, if any, part in 
the action of sodium bicarbonate is shown by the fact that potassium 
bicarbonate is just as effective against germinated spores, and the potassium 
ion has been shown to have no inhibitory power at the highest concentrations 
used. 

Discussioisr 

The whole question of hydrogen- and hydroxyl-ion studies of micro- 
org^anisms is one which has brought forth many theories and opinions as to 
the reaction of fungi to these ions. There are, first, the general physio- 
logical reactions involved and, second, the specific variations in behavior 
of different fungi to these reactions. It seems agreed that in the ease of 
acid solutions the inhibitory effect is mainly due to the action of the 
hydrogen-ion. Boeseken and Waterman (2), assuming that the proto- 
plasm wall in microorganisms consists of an aqueous colloidal solution of 
lecithins, etc., mixed with albuminoid constituents, refer to toxic action of 
the hydrogen ion to the precipitation of these colloids. This precipitation 
may be regarded as a neutralization by the hydrogen ion of the negatively 
charged plasma colloids, as it were a physical process, and, because all 
highly dissociating acids act similarly, this explanation has been accepted. 
Whether the hydroxyl ion acts in the same manner, neutralizing the posi- 
tively charged plasma colloids, has not yet been suggested, but it is highly 
probable that in this neutralization phenomenon we have the explanation 
of the action of the hydrogen and hydroxyl ions, provided they are present 
in sufficient concentration to overcome the resistance of the living proto- 
plasm. Since the proteins in the protoplasm are amphoteric in nature, it 
may also be possible that the influence of the hydrogen and hydroxyl ions 
is such as to reverse the charge on certain proteins, causing a disruption of 
the protoplasmic system within the cell. 

The differences shown by microorganisms in their tolerance to hydrogen 
and hydroxyl ions are characteristic of the individual species; sometimes 
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whole genera might react similarly and at other times closely related species 
might show marked differences. Zeller, Schmitz, and Duggar (29) state 
that '‘no general statement, in their opinion, could he made concerning the 
relation between hydrogen-ion concentration of the enltnre media and the 
growth of the wood-destroying fungi as a group.” Such variation has been 
indicated to some extent between Penicillnim iialicum and P. digiiaium in 
this work. 

Whether germination or growth is used to measure the tolerance of fungi 
to deleterious substances the general trend of the results is the same, for 
when the spore wall breaks at the start of germination there is exposed a 
surface which is just as vulnerable as the tips of the mycelial strands. This 
would apply only to cases where the deleterious substance is present at the 
time of actual germination and not to such treatment experiments with 
nongerminated spores as reported here. The most toxic substances, such as 
mercuric chloride, kill the spore even before it swells, whereas with hydrox- 
ides and carbonates, when present in media of high pH value, a high 
percentage of the spores swell, even though final germination, as observed 
by the appearance of germ tubes, is inhibited. 

The most striking point in the work with sodium bicarbonate is that 
its toxic action does not depend on the hydroxyl-ion concentration of its 
solution, as is the case with strong alkalies. This is shown by the fact that 
the spores of both fungi germinate in solutions of pH values of 9.0 to 9.6, 
while the pH of solutions of sodium bicarbonate is from 8.3 to 8.5. That 
the bicarbonates have an inhibitory power on the growth of fungi has been 
shown by several workers. It has been shown that enzymes secreted by 
Penicillium species are instrumental in bringing about the decayed condi- 
tion of fruits. Nobecourt (15) found, however, that the addition of sodium 
bicarbonate to the active juice of fruits containing these enzymes makes it 
lose its property of destroying slices of sound tissue of these fruits. That 
in the case of Citrus the fruit itself has in no way been conditioned by 
treatment to resist the growth of the fungi within its tissues is shown by 
the fact that the blue and green molds do cause a small percentage of 
characteristic decay even after the fruit has been treated and 100 per cent 
decay if the rind tissue of the treated fruit is artificially inoculated. The 
fact remains that the bicarbonate ion in itself has the inhibitory power, 
and this must be ascribed either to its action on the enzymes or enzyme" 
secreting power of the protoplasm or to a direct toxic influence on the 
protoplasm itself. The latter view, in the opinion of the writer, is the 
more probable. 

That the solutions of the hydroxides of sodium and potassium have a 
more toxic action than the carbonates on nongerminated spores of both 
Penicillium species was found to be the case upon experimentation. The 
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former solutions have a much higher pH value than the latter, and if the 
toxic action is ascribed to the hydroxyl-ion concentration it would be 
expected that the hydroxides would be more deleterious. The sodium salts, 
particularly the hydroxide, allowed a lower percentage of germination than 
the potassium salts, so that it seems that, while the hydroxyl ion is the main 
factor in inhibiting, the sodium ion assists therein, especially at the higher 
concentrations of salts. 

Coming to the formulation of a theory as to how the actual process of 
decay prevention takes place the main factor to be borne in mind is that 
some nnkilled spores of the decay-producing fungi are still present on the 
dry surface of the fruit following treatment. This seems reasonable 
because a 10 per cent solution of sodium bicarbonate in contact with spores 
for 10 minutes still allows 85 per cent of Penicillium italicum and 35 per 
cent of P. digiiaium to germinate. It has been shown, however, that the 
same solution, almost a saturated one at ordinary temperatures, kills prac- 
tically 100 per cent of the germinated spores. Further, no germination 
takes place in solutions of carbonates and biearbonates plus sucrose, 
against 40 per cent in the checks of sucrose in water. Water must be 
present for the germination of spores on the fruit, and, should water vapor 
condense thereon and the spores swell and start germinating, an almost 
saturated solution of bicarbonate will act on them, it being formed from 
the thin film of the salt left after drying. Death of most of the spores and 
germ tubes will result, and only those germ tubes can instigate decay which 
do not come into contact with this solution and which find a break in the 
rind to enter the albedo. That this percentage is small is shown by the 
small amount of decay found after mass treatment in packing houses. 

It has been suggested that the rind of the fruit absorbs sodium bicar- 
bonate during treatment and its presence therein inactivates the fungus 
should spores germinate.^ By making distilled-water extracts of the macer- 
ated rinds of well-washed lemons which had been soaked in 2, 3, and 4 per 
cent solutions of sodium bicarbonate for 24 hours it was found that the 
pH of the extracts was ±: 5.5, the same as that of the untreated rinds. 
This pH value would not indicate the presence of free sodium bicarbonate 
in the rind of treated fruit. 

The relation of temperature to the toxic action of the substances worked! 
with here has not been included in these investigations. Weiss [25) showed! 
that an increase in temperature lowered the hydrogen-ion concentration 
resistance of Clostridium hotulinum, and the same would hold true for the* 
hydroxyl-ion concentration. A temperature of 100° F. is used for the* 
washing and treating solutions in packing houses, but this temperature- 
in itself has no significant killing power on the spores. An increase in 
temperature increases the speed and probably the penetration power of the^ 
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ions, lienee a greater toxicity is shown by toxic substances at higher tem- 
peratures. Thus it is to be expected that in the treating experiments 
recorded in this paper a higher percentage of kill would have been obtained 
by having the treating solutions at a higher temperature, but it is felt that 
the comparative kills would have remained almost the same. In view of 
the theory put forward as to the actual process of decay prevention, and, 
since immersion of fruit in water tends to make the rind slightly more 
leathery, it is further opined that the real value of warming the water in 
the treating tanks is that of bringing about a better adhesion of the sodium 
bicarbonate solution, thereby ensuring a more complete film after drying. 
This would apply also to treatment with sodium borate. 

SUMMARY 

In the commercial handling of citrus fruits they are treated before being 
packed with a 3 per cent solution of sodium bicarbonate for the prevention 
of the decay caused by Penicillium iialicum (blue contact mold) and P. 
digitatiim (green mold). Investigations as to just how this prevention is 
brought about, as well as experiments on the hydrogen-ion concentration 
relationships of the two fnngi, are reported in this paper. 

By growing the fungi on a Modified Dnggar’s Solution + orange extract 
in an apparatus which allowed the daily renewal of the medium under the 
mats and by weighing the dried mats after 8 days growth, a fairly wide 
optimum range of hydrogen-ion concentration tolerance for growth was 
observed, this being pH 2.9 to 6.5 for Penicillium iialicum and pH 3,0 to 
6.0 for P. digitatum. No mat at all was formed by the former fungus if 
the initial pH of the medium was below 2,1 and below 2.4 for the latter. 
The difficulty in determining the upper limit for mat formation lay in the 
submerged growth in this range, but the values .dz pH 7.9 and zh pH 7.8, 
respectively, are offered for the two fungi as being near these limits. 

Sodium citrate showed a marked inhibitory effect on the growth of Peni~ 
cillium iialicum by the sodium ion at a concentration of 20,000 p.p.m. in 
the medium and on P. digitatum at 10,000 p.p.m. The potassium ion has 
no such effect even at a concentration of 35,000 p.p.m. It is believed that 
the inhibitory effect on growth exerted by both the sodium and potassium 
chloride at a concentration of 10,000 p.p.m. of the cations is mainly due to 
the chlorine ion. The potassium ion does not inhibit germination at the 
highest concentrations used, but the sodium ion inhibits P. itdicum mark- 
edly at 20,000 p.p.m. and P. digitatum at 15,000 p.p.m. Thus the sodium 
ion is more toxic to the latter fungus. 

Certain correlations with the substances used and their toxic action on 
both germinated and nongerminated spores were observed. An increase in 
both the concentration of the treating substance and an increase in the 
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length of time of treatment gave a decrease in the percentage of germina- 
tion of both fungi. No constant difference was noted in the toxic action of 
sodium and potassium salts, except perhaps with the treatment of nongermi- 
nated spores. The same concentration of carbonate was found to be con- 
siderably more toxic than a similar concentration of bicarbonate. 

Compaiung the effect on the spores of the two fungi sodium tetra-borate 
was relatively more toxic to Penioillnim digvtatxvm and the bicarbonates 
were relatively more toxic to P. italimm. 

It is believed that the bicarbonate ion as such is toxic to the fungi, for 
its solution gives a pH value of ±: 8.4, and that when the hydroxyl-ion con- 
centration in a solution is large enough to give a pH value of 10+ the toxic 
property of such a solution lies in the hydroxyl ion, the destruction of the 
protoplasm being brought about by the neutralization of the positively 
charged colloids therein or by a reversal of the charge on amphoteric pro- 
teins in the protoplasm. 

It is further postulated that the manner in which decay prevention is 
brought about is that when spores of the fungi on the rind of the fruit 
germinate or start to germinate a saturated solution of sodium bicarbonate 
formed from the thin film of salt left on the rind after treatment acts on 
the protoplast of the thin-wall germ tube or on the spore at the spot at 
which the wall is weakened for the emergence of the tube, death resulting. 
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FURTHBE STUDIES ON APHID TRANSMISSION OP 
PLANT VIRUSES^ 

IsmI:A.Hoggan2 

A knowledge of the various modes of dissemination of plant-virus 
diseases is essential to the development of sound control measures. Insects, 
particularly aphids and leaf hoppers, are known to play a major role in 
the dissemination of many such diseases, and it appears to be quite gen- 
erally assumed that tobacco mosaic is spread in this- way. As has been 
pointed out in a recent paper (3), however, the peach aphid, Myzus 
persicae Sulz., one of two aphid species previously regarded as carriers 
of this disease, does not transmit the true tobacco-mosaic virus® between 
tobacco and other solanaeeous plants, although it readily transmits the 
cucumber-mosaic virus between the same hosts. This, how^ever, does not 
preclude the possibility of tobacco mosaic being disseminated by aphids of 
other species. In view of the practical importance of a thorough under- 
standing of the insect relationships of this disease, it was considered desir- 
able to investigate the relation of other species of aphids to its transmission. 

It should be stated that tobacco, as grown in the field, does not appear 
to be a particularly favorable food plant for aphids in the United States. 
As far as can be ascertained from those familiar with this subject, these 
insects occur only relatively rarely on the tobacco crop in this country and 
are in no sense of the word pests on this plant. Nevertheless, it was believed 
important to determine the behavior of different aphids as potential agents 
in the dissemination of the tobacco-mosaic disease, and several species, that 
■will feed and multiply more or less readily on tobacco in the greenhouse, 
have been secured from other hosts. The ability of these to transmit both 
the cucumber- and tobacco-mosaic viruses forms the subject of the present 
investigation, the results of \vhich are recorded below. 

APHID SPECIES INVESTIGATED 

Of the three different strains of the peach aphid which were studied 
earlier in relation to virus transmission (3), although coming from widely 
separated localities, none wms derived from tobacco while growing in the 

1 Cooperative investigations of the Wisconsin Agricultural Experiment Station and 
the Office of Tobacco and Plant Nutrition, Bureau of Plant Industry, United States De- 
partment of Agriculture. 

2 This investigation was undertaken on the suggestion of Dr. James Johnson, for 
whose valuable advice and criticism I wish to make due acknowledgement. , 

3 Tohacco virus 1, as described by Johnson (4). 
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field. For pni-poses of comparison, therefore, further trials have been 
conducted with two other strains of this aphid derived from such a source, 
each strain being taken from a single tobacco plant growing in a separate 
field at Madison, Wisconsin. A third strain, obtained from cabbage in the 
greenhouse, has also been employed in certain trials. 

Other aphid species studied in this investigation and the sources from 
which they were derived are as follows : 

The pink and green potato aphid, MacrosipMmi solanifolii Ashm. ,• col- 
lected on pigweed, AmarmniJms reiroflexiiSy on the University grounds, 
Madison, Wisconsin. 

Myztis 2^seudosolani Theob.; taken from tomato in a greenhouse of the 
Department of Plant Pathology, University of Wisconsin. 

Myziis cirouni'fiexiis Buckt. ; from a potato plant in a greenhouse of the 
Horticulture Department, University of Wisconsin. 

The identifications of the species were kindly made or verified by Dr. 
A. A. Granovsky of the Department of Economic Entomology, University 
of Wisconsin. 

METHODS 

The methods employed in this work were similar to those of the pre- 
ceding investigation on the transmission of viruses by the peach aphid (3) 
and need not be repeated in detail. 

Stock colonies of each aphid species were maintained in separate insect- 
proof cages or chambers placed in different greenhouse units. The peach 
aphid was colonized on cabbage and the remaining three species were main- 
tained on healthy, tuber-indexed potato plants. All transmission experi- 
ments were performed in a cool greenhouse in small, insect-proof cages, 
that were either fumigated or left empty for several days between use for 
successive trials. Special precautions w^ere taken at all times to avoid any 
mixing of the aphid species. This greenhouse was maintained at a tempera- 
ture of 65°-70° F., which proved very favorable for the aphids. 

The ability of each species of aphid to transmit the cucumber- and 
tobacco-mosaic viruses was tested in comparative trials. The aphids were 
allowed to feed for two to five days on host plants infected with either virus 
and were then transferred to healthy plants by removing the leaves or stems 
on which they were feeding and placing them on a piece of paper laid on 
the new host. Large numbers of aphids in various stages of development 
were transferred thus to each plant, wdiere they remained two or more days, 
and were subsequently destroyed by fumigation. In all trials, an equal 
number of control plants was treated in like manner with mosaic leaves or 
stems free from aphids. After fumigation, all plants were kept in a warm 
greenhouse (about 85° F.) in order to favor the rapid development of 
mosaic symptoms. 
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Tlie cuciimber- and tobacco-mosaic viruses used in the tests came from 
the same source as those employed in the previous investigation. 

EXPERIMENTAL RESULTS 

A limited number of trials was conducted with each of the two strains 
of peach aphid derived from tobacco while growing in the field, in order 
to determine the capacity of these strains for virus transmission. Several 
different host plants were included in the tests, the results of which are 
presented in table 1. These strains proved identical in their behavior with 
others previously studied. Each was found to transmit the cucumber- 
mosaic virus very readily between all hosts tested, 100 per cent infection 
occurring in most trials, while all control plants, with a single exception 
in the case of strain No. 2, remained healthy. On the other hand, no 
transmission of the tobacco-mosaic virus was obtained with either strain, 
whether from tobacco, Physalis, or Nicotiana ntsiica. In short, of the five 
different strains of the peach aphid which have been studied to date, all 
have been found to behave alike with respect to the transmission of the two 
viruses under consideration. The possible dissemination of tobacco mosaic 
by this species of aphid, at least between the different host plants which 
have been investigated, therefore appears remote. 

Comparative trials have been conducted also of the transmission of the 
cucumber- and tobacco-mosaic viruses, from both tobacco and tomato, by 
Myzus pseudosoldni, Macrosiphum solamfoU% and Myzus circumflexus. 
The results of these trials are summarized in table 2. It will be observed 
that each of these species resembled the peach aphid in readily transmitting 
the cucumber-mosaic virus between all hosts tested, Myzus pseudosolani 
and Ma-crosiphum solanifolii causing a particularly high percentage of 
infection in the majority of cases (Fig. 1 ). Moreover, there is no sig- 
nificant evidence in these results of any transmission of the tobacco- 
mosaic virus from tobacco by any species. The 5 tobacco-mosaic infections 
occurring in the transfers from tobacco, of which 3 were on the test plants 
and 2 were on the controls, are probably to be accounted for by accidental 
infection of one kind or another. The highly contagious nature of this 
mosaic disease should be borne in mind throughout, and, \vhile the number 
of accidental infections occurring in the greenhouse has been greatly 
reduced through various precautionary measures in the growing and 
handling of the plants, it has not been found possible to eliminate such 
infections entirely in the ordinary routine of greenhouse wmrk. 

However, when the tomato plant Tvas used as a source of the tobacco- 
mosaic virus a singular situation developed- Heavy infection vath tobacco- 
mosaic invariably resulted when Myzus pseiidosolani was transferred from 
diseased tomato to tobacco, as high a percentage of infection being obtained 



TABLE 1. — Comparative trials of the transmission of the cucumber- and tobacco-mosaic viruses by two strains 
of peach aphid (My^us persicae) derived from tobacco in the fields 
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plants which were treated with mosaic leaves free from aphids and which served as controls to the infested plants. In 
all fractions, the numerator represents the total number of plants either infested with aphids or treated as controls, as 
the case may be; the denominator the number of such plants which developed symptoms of mosaic. 



TABLE 2. — Comparative trials of the transmission of the cuGUmher- and tohacco-mosaic vii'uses hy different aphid species^ 
1 11 Hosts 1 m 
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See footnote to table 1. 
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Pig. 1. Tobacco plaats showing approximate size and type used in the transmission 
experiments. A, encumber mosaic on tobacco, transmitted by Macro- 
sipTium solanifolii. B, healthy control plant. 


as in the corresponding trials with the cucumber-mosaic virus (Table 2). 
Since all control plants remained healthy, this infection could not be 
ascribed in any way to the portions of tomato stems or leaves on which the 
aphids were transferred, for the control plants were similarly treated. 
Repeated trials consistently yielded abundant infection in all transfers of 
this aphid from tomato, leading to the conclusion that in this case the aphid 
was able to act as a vector of the tobacco-mosaic virus. Subsequent trials 
with M[icrosipA.icm solanifolii and 3Iysus circumflezus showed that these 
species, too, were able to transmit the tobacco-mosaic virus from tomato, 
although not from tobacco. With these latter species, however, a distinctly 
lower percentage of infection was obtained (between 40 and 50 per cent). 

In the previous investigation of the peach aphid (3), although a number 
of different host plants were tested, tomato was not included among these, 
since it was not considered a satisfactory food plant for the species. The 
results recorded above, however, rendered necessary a determination of the 
behavior of this aphid also with regard to the transmission of viruses from 
•tomato, and, by using very young tomato plants and large numbers of 
aphids, fairly adequate tests could be made (Table 2). The strain of peach 
aphid employed in these tests was derived from cabbage in the greenhouse. 
Here, however, repeated trials with the tobacco-mosaic virus gave only two 
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infections on tobacco in a total of €5 plants, altliougli in corresponding 
trials -with tlie cucumber-mosaic virns 100 per cent infection was obtained. 
Whether or not these two tobacco-mosaic infections were due to aphid 
transmission appears very doubtful, in spite of the fact that all control 
plants remained healthy. In any case, the peach aphid did not transmit 
the tobacco-mosaic virus from tomato to any appreciable extent, dhfering 
in this respect, at least in degree, from the other species under investigation. 

In order to confirm these somewhat peculiar results, more strictly parallel 
tests were performed with Myz%is 'pseiidosolani, comparing tobacco and 
tomato as respective sources of the tobacco-mosaic virus. In these trials, 
young tobacco and tomato plants were inoculated with virus from a single 
sample of mosaic-plant extract and, as soon as typical symptoms had 
developed, were infested simultaneously with large numbers of aphids from 
the same stock colony. These two host species were isolated in separate 
insect cages. After several days, the aphids were transferred simultane- 
ously and in great quantities to healthy plants of different species, such as 
tobacco, Nicotiana rusUcaj etc. j the insects were subsequently destroyed by 
fumigation and the plants observed for the appearance of disease symp- 
toms. In brief, conditions were exactly duplicated in the two trials, the 
only difference being in the species of host plant employed as a source of 
the virus. The results of these trials are presented in table 3. Transfers 
of aphids from tomato yielded abundant tobacco-mosaic infection on all 
hosts tested; whereas corresponding transfers from tobacco gave almost no 
infection. From tomato, of a total of 74 plants tested, 59 showed mosaic 
infection, with a single infection in the controls; while from tobacco, of a 
total of 86 plants tested, only 4 became infected, and 1 plant also in the 
controls. Here, again, it is questionable whether or not the 3 infections 
occurring on the infested plants only, in the transfers from tobacco, are 
the result of aphid transmission. The writer is inclined to believe that 
they are due to accidental infection from other sources, although it is 
possible that the aphid may have been able, on extremely rare occasions, 
to transmit the virus from this host. The contrast between the two host 
species as sources of the tohaceo-mosaic virus in relation to the amount of 
virns transmission is none the less striking. It should be stated that M, 
%>seiidosolani thrives equally well on both tobacco and tomato ; hence these 
results cannot be accounted for on the basis of suitability of the species as 
a food plant for the aphid. 

The variety of tomato employed in the preceding experiments was 
Hudson Valley Maid, a potato-leaf variety. Five other varieties have also 
been tested -with respect to tobacco-mosaic transmission by Myziis pseudo- 
sola%% namely, Marglobe, Bonny Best, Eed Pear, Bed Cherry, and Vaugh- 
an's Model. All these have yielded high percentages of infection, no 
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significant differences in the amount of resultant infection being noted 
between any of the varieties (Table 4) . In all, of a total of 130 transfers 


TABLE 4 . — Comparative trials of the transmission of the tohacco-mosaic virus hy 
Mysus pseudosolani from different host species^ 


Mosaic host 
(source of virus) 

Host 

N. tahacum 

Infested 

Control 

Nicotiana tahacum 

36 

36 


2 

0 

Lycopersicon esculentum (Hudson Valley Maid) 

24 

24 


22 

1 

(Marglobe) 

36 

36 


33 

0 

‘ ‘ (Bonny Best) 

20 

20 

- 

17 

0 

“ (Red Pear) 

10 

10 


10 

0 

(Vaughan Model) 

10 

10 


10 

0 

“ (Red Cherry) 

10 

10 


8 

0 

Nicotiana 7'ustioa 

30 

30 


“o 

0 

Sola7ium nigrum 

60 

60 


7 

0 

Solammi melongena 

30 

30 


0 

0 

Solanum tuberosum (Green Mountain) 

30 

30 


0 


Martynia loioisiana 

30 

30 


2 

0 


a See footnote to table 1. 


of this aphid from tomato to tobacco, 117 plants became infected with the 
tobacco-mosaic virus, as compared with a single plant in 130 in the control 
series. Corresponding figures for the transfers from tobacco to tobacco 
show only 4 plants infected out of 86, with 2 out of 86 in the controls. 
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As a consequence of tliese results, it became desirable to investigate the 
relation of other solanaeeous plant species to the transmission of the 
tobacco-mosaic virus by Myzus pseiidosolaniy in order to determine whether 
or not the tomato was exceptional in this respect. The following species 
have been tested: Nicotiana riistica; nightshade, Solanum nignmi; egg- 
plant, >8'. potato. Green Mountain variety,* dlso Marty nia 

loidsiana^ oi the family Martyniaceae. Other hosts, such as Physalis, 
pepper, etc., vrere not included since they were found to be unsatisfactory 
food plants for this aphid. In these trials, little or no evidence was ob- 
tained of any tobacco-mosaic transmission by Myzits 
(Table 4). In the transfers from S. nigrimi, however, 7 plants out of 60 
became infected, suggesting an occasional transmission of the virus from 
this host. Two infections in 30 plants wull be noted also in the transfers 
from Martynia loiiisiana^ while from N. rust'tca, potato, and eggplant there 
was no indication of any virus transmission. Tomato is, therefore, the 
only host now hnowm from which Myz%is pseudo solani will transmit the 
tobacco-mosaic virus with any readiness, and it would appear that this 
aphid is to be regarded as a carrier of the virus only in so far as certain 
specific host plants are concerned. 

A similar situation has been found with respect to the transmission by 
Myzus pseiidosolani of a form of ‘‘yellow tobacco mosaic, obtained from a 
tobacco plant growing in the field at Madison, Wisconsin. This mosaic is 
apparently identical with that described by Johnson (4) and others, the 
virus closely resembling in its properties that of ordinary tobacco mosaic. 
This virus also was found readily transmissible by M. i^seudosolani from 
tomato, but not at all from tobacco. In transfers from tomato to tobacco, 
of 50 plants tested, 35 became infected with yellow tobacco mosaic, while 
all control plants remained healthy. In corresponding transfers from 
tobacco, of 50 plants tested, none became infected nor were there any in- 
fections on the controls. These studies, therefore, suggest that when deter- 
mining the ability of certain insects to transmit particrxlar viruses, the 
species of host plant serving as source of the virus may need to be taken 
into consideration. 

Transmission of the yellow^ tobacco-mosaic virus by Myzus pseudosolani 
is illustrated in figure 2. This aphid is somewhat peculiar in that it is 
markedly injurious to the tissues of the host plant, quite apart from any 
mosaic transmission, presumably due to the presence of some deleterious 
substance or substances in the saliva. This effect is first seen as a discol- 

^ writer was informed Uj Hr. Helen A. Purdy in 1927 that tohaceo mosaic was 
transmissible to this species. This fact has been confirmed and the presence of charac- 
teristic eeU inclusions (x-bodies and striate material) has been demonstrated in the host 
tissnes. 
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Tig. 2. A, tobacco plant to which Myziis pseiidosolani was transferred from yellow 
tobacco-mosaic tobacco, showing aphid injury on lower leaves but no mosaic infection. 
B, yellow tobacco mosaic on tobacco, transmitted by M. pseudosolani from infected to- 
mato. Note aphid injury on. lower leaves. C, healthy tobacco plant, control to B. 

oration of the tissues in the form of small, pale yellowish spots around the 
point of entrance of the insect’s proboscis; circular on the leaf lamina, and 
in the form of narrow bands running along the vein, when this is punc- 
tured. As the insects continue to feed, the spots enlarge and become golden 
brown. If the plant is heavily infested, they may coalesce to form large, 
necrotic areas, frequently resulting in the death of the entire leaf. Even- 
tually the whole plant may be killed. After the aphids have been destroyed 
by fumigation, the spots may continue to enlarge for a time and the color 
to intensify, but, if the plant survives, the new leaves develop normally 
without any spotting, and the plant may eventually completely recover. 
This injury has been observed on all host plants on which the aphid has 
fed. It is illustrated on tobacco in figure 2, A. Plant B shows a similar 
injury, followed by infection with yellow tobacco mosaic, while C is a nor- 
mal, healthy plant. 

DISCUSSION 

The development of adequate control measures for the mosaic disease of 
tobacco is dependent upon a variety of factors. In this connection the 
particular virus involved naturally requires consideration; however, it 
appears that, although tobacco is susceptible to a number of different 
viruses, the ordinary tobacco-mosaic virus {iobaGoo virus 1) (4) is almost 
universally the cause of the disease so far as field conditions are concerned. 
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Aphids have been regarded as of major importance in the dissemination 
of this disease, and Myziis persicae and Macrosiphum iahaci Pergande have 
been reported as active carriers of the virus (1, 2). Assuming Macro- 
sipJium ia'baci to be synonymous with M. solanifolii, as is stated by Patch 
(6, p. 29), it has now been shown that neither of these two species as used 
in these experiments will transmit the ordinary tobacco-mosaic virus from 
tobacco, and it seems likely that, where transmission of a mosaic disease of 
tobacco appeared to be due to these aphids, some other virus affecting* this 
host was actually involved. 

Two other aphid species in addition to those named above also have 
failed to transmit the true tobacco-mosaic virus from tobacco. Further- 
more, as has already been pointed out, aphids are not of common occurrence 
on tobacco in this country. Wilson and Vickery (7) list two species only 
as reported to occur on this host, namely: Macrosiphum ia'baci and Uho- 
palosiphim [Myz%is) persicae Sulzer; and, if other species attack the 
tobacco plant, they do not appear to be abundant. When all these facts 
are taken into consideration, therefore, the probability of tobacco mosaic 
being disseminated to any extent by aphids appears remote so far as trans- 
mission from tobacco is concerned. Moreover, the occurrence and spread 
of tobacco mosaic in the field can be adequately accounted for in other ways 
(5), due in large measure to the highly infectious nature of the virus, to- 
gether with its remarkable resistance to unfavorable conditions. 

On the other hand, since it has been shown that certain aphid species 
are able to transmit the tobacco-mosaic virus from tomato, it is possible that 
these insects may be responsible for some dissemination of the disease on 
tobacco where the tw’o crops are grown in close proximity, and it is not un- 
likely that they may play an important part in disseminating the disease 
on the tomato crop, either in the greenhouse or in the field. 

Turning to the more fundamental considerations arising from these in- 
vestigations, the remarkable influence of the species of mosaic host in deter- 
mining the amount of tobacco-mosaic transmission brought about by certain 
aphids is deemed worthy of attention. Whether this is an entirely excep- 
tional situation or not is, of course, an open question at the present time. 
The fact that Myziis pseiidosolani will so readily transmit the tobacco- 
mosaic virus from tomato would seem to indicate that there is nothing in- 
herent in the aphid itself to account for its failure to transmit the same 
virus from tobacco. It would appear, rather, that for some reason the 
virus is not available to the aphid in the tobacco plant; in other w’-ords, that 
it may be a question of the distribution of the virus within the host. If 
this is so, then there is no evidence in these studies which would indicate 
a biological rather than a mechanical relationship between the virus and 
the aphid vector. Although aphids are believed in general to feed upon 
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the phloem tissues of the host plant, this may not always be the case, and 
it is conceivable that these phenomena may be bound up with the nature 
of the tissues tapped by the aphid in the respective host plants. Further 
investigations along these lines appear to be necessary before any definite 
conclusions may be reached. 


SUMMARY 

1. An investigation has been made of several clifi'erent species of aphids, 
in order to determine their ability to transmit the virus of ordinary to- 
bacco mosaic. 

2. Two strains of peach aphid, Myzics 'persicae, derived from tobacco, 
growing in the field, failed to transmit the tobacco-mosaic virus between 
tobacco and other solanaceous host plants, although they readily trans- 
mitted the cucumber-mosaic virus between the same hosts. 

3. Three other aphid species, namely, Myziis pseudosolani, ^lacrosiphum 
soldnifolii^ and Myzus circumflexus^ were shown to transmit the cucumber- 
mosaic virus readily from tobacco and from tomato. 

4. The above three species appear unable to transmit the tobacco-mosaic 
virus from tobacco. They will, however, transmit this virus from tomato, 
Myzus pseudosolani causing very high percentages of infection. Evidence 
has been obtained to indicate that the peach aphid, on the other hand, does 
not transmit this virus from tomato, or on only very rare occasions, 

5. Transmission of the tobacco-mosaic virus by Myzus pseudosolani was 
demonstrated from six different varieties of tomato, while from four other 
host species in addition to tobacco no transmission was obtained. From 
Solanum nigrum there was evidence of occasional transmission of the virus. 

6. Myzus pseAidosolani was shown to transmit also a form of yellow 
tobacco mosaic'’ from tomato, but not from tobacco. 

7. The evidence thus far obtained indicates that aphids are unlikely to 
be responsible for any dissemination of ordinary tobacco mosaic, so far as 
transmission from tobacco is concerned. They may, however, play an im- 
portant part in the dissemination of this disease on tomatoes, or from 
tomato to tobacco where these t^vo crops are grown in close proximity. 

8. The failure of Myzus pseudosolani to transmit the tobacco-mosaic 

virus from tobacco may be explained on the a ssumption that the aphid does 
Tijj t extract the YirTiR ffTi Q3n.^thnRmtissnea^Q£..ih.^^^^^^ on which it 

feed s. 

University op Wisconsin, 

Madison, Wisconsin. 
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LIGHTNING INJURY OP POTATOES 

Geor&e P. Weber 


During tJae past several growing seasons the writer attention has been 
called to a specifie type of injury of growing potato plants. The injury 
has appeared in Florida fields w^here the plants were about two thirds ma- 
ture, usually during the month of March. After eareful consideration of 
the phenomenon from the viewpoint of a disease caused by a parasitic 
organism, environmental conditions, physiological disturbances or mechani- 
cal injury, together with information supplied by the growers, it was con- 
cluded that lightning was the cause of the trouble. 

A detailed description of a single occurrence is as follows: During the 
latter part of March, 1929, an affected area appeared in a 6-acre field of 
Spaulding Rose potatoes about TO days old owmed by a Mr. Cox near La 
Crosse, Florida. The field 'was surrounded on three sides by pine w^oods 
and on the fourth side by another field. The affected area was almost cir- 
cular, measuring 70 by 80 feet in diameter, with the greater diameter paral- 
lel until the rows. The soil in the field belonged to the Portsmouth series; 
and was a rather moist, heavy, black sandy loam. The potato plants were 
in a vigorous condition and were about 16 to 20 inches high with an occa- 
sional blossom showing. The injury to the potato plants was not noticed 
by Mr. Cox until 4 days after the passing of a furious local thunderstorm, 
which he believes marked the time of the bolt, since showers are rare dur- 
ing the spring and none had preceded this one over a period of 3 weeks. 
None of the plants were entirely killed and only the plants in a small area, 
approximately 10 feet in diameter, were prostrate when first observed by 
the w^riter 4 days after the thunderstorm (Fig. 1). Outside of this area, 
none of the plants became prostrate before they were harvested. This con- 
dition differs from the case of lightning injury reported by Jones and Gil- 
bert,^ as they stated that the potato plants were killed in a spot about 12 
feet in diameter and that they observed other spots that varied from 8 to 
10 feet to 2 to 4 rods in diameter. 

Outside of this small area the extent of injuiw appeared to decrease in 
direct proportion to the distance from the center, that is, a smaller portion 
of the stems of ‘the plants had collapsed. For instance, at the peripheiT 
of the area, only an occasional growing tip showed any injury, while as one 
approached the center of the spot more and more of the tops of the plants 
were injured from the top downward and were shriveled and drooped.. 

3- Jones, L. B., and W. W, Oillert. Lightning injury to potato and cotton plants- 
Phytopath. 5: 94-103. 1915. 
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J^iG. 1- A. Effect of lightning on potato vines, showing sections of rows of affected 
potato plants. B. Affected plants in detail, showing collapsed 
condition with unaffected petioles and leaves, 
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About half way from eenter to edge of the spot the plants were afleeted 
over half their height from the top down. This is the reverse of the con- 
dition reported by Jones and Gilbert,^ as they stated that ''the injured 
plants still living showed partial collapse and death of the stem from a 
little below the ground line upward through one half their length, more or 
less. The tips were living and below ground, the base of the stems, roots, 
stolons and young tubers seem uninjured. Orton^ also stated that the 
stems of the more severely affected plants were collapsed from near the 
ground upward for several inches and often nearly to the tip. 

In the ease herein reported no effect of the lightning bolt on the soil in 
the way of physical disturbances was discovered. A number of hills of 
potatoes were dug in different parts of the affected area and no marks or 
signs were discovered on the roots or tubers that could possibly be attrib- 
uted to lightning. 

Furthermore, the stems of the prostrate plants appeared normal below 
the soil surface ; above this point they were shriveled and prominently 
ribbed and more or less flat (Pig. 2). This collapsed condition included 
the whole stem from the soil line to the growing tip. The main branches 
which originated from the main stalk above the soil line were usually not 
affected but the ones which originated below the soil line were injured. The 
leaf petioles had also collapsed in some instances, but generally they were 
apparently unaffected, as they were turgid, brittle, and without unnatural 
symptoms. Likewise, the leaf blades appeared to be uninjured, even the 
ones on prostrate stems. The affected plants were green and vigorous, even 
though they were flattened out and prostrate on the soil surface. In con- 
trast to this, Jones and Gilbert^ stated that potato plants struck by light- 
ning wilted and died within 24 hours. They also stated that the shriveled 
stems turned brown progressively above and below the point of injury. 

The most peculiar and striking condition in relation to the above situa- 
tion was that, even though the plants in the center of the spot were so in- 
jured as to be prostrate and their stems shriveled and flattened, they still 
retained their foliage in a healthy, turgid condition indistinguishable from 
potato leaves outside the injured area. 

In order to make a comparison of injured and uninjured steins, speci- 
mens were collected within and outside of the affected area. Cross sections 
were made of the stems of the plants approximately the same distance from 
the growing tip on injured and uninjured plants that compared favorably 

2 Jones, L. R., and W. W. Gilbert. Lightning injury to lierbaeeous plants. Phyto- 
path. 8: 270-282. 1918. 

3 Orton, C. R. Lightning injury to potato and cabbage. Phytopatb. 11: 96-98. 
1921. 

4 Log. cit. 1915. 
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Fig. 2. Single potato stem, showing injury in detail. 
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with each other in height, diameter of underground stem, and amount of 
foliage. These cross sections are shown in figure 3. The corresponding 
parts are designated as (a) epidermis, (b) collenehyma, (e) parenchyma 
of cortex, (d) pericycle, (e) cambium, (f) vascular bundle, and (g) pith. 




Fig. 3. Cross seetions of uninjured (above) and lightning-injured (below) potato 
stems, showing corresponding morphological characters of each. 

a. epidermis e. cambium 

b. collenehyma f. vascular bundle 

c. parenchyma of cortex g. pith 

d. pericycle 
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The greatest contrast appears in the pith, which has almost totally collapsed 
in the injured plant. No sign of hollow stem was discovered, as described 
by Jones and Gilbert^ in potatoes and by Brown and Gardner® in tomatoes. 
On the other “hand, the entire stems of these potato plants collapsed, becom- 
ing more or less irregularly flattened. The collenchyma and parenchyma 
of the cortex also showed a decided collapse, while the vascular bundles 
occupied very nearly the same amount of area in the injured stems as in 
the healthy ones, showing that this tissue suffered very little injury. This 
may account for the turgidness of the foliage of the prostrate plants. 

The total collapse of the pith caused the stem to become more or less 
flattened. The internal portion consisted of a closely compressed tough 
layer of collapsed pith cells. Upon soaking in water, the cut section, as 
shown in the figure, tended to swell and partially regained its normal size. 
It did not fully recover, however, after 24 hours. 

Florida Agricultural Experiment Station, 

Gainesville, Fla. 

5 Log, cit. 1915 . 

6 Brown, H. D., and Max W. Gardner. Lightning injury to tomatoes. Phytopath. 
13 : 147 . 1923 . 



PATHOGENICITY OF BACILLUS AMTLOVOEUS ON SPECIES 

OP JUGLANS^ 

OlaytonO. Smith 

The pear blight organism, bacillus amylovorous (Burrill), a well-known 
parasite, attacks several species of the Rosaceae. A list of susceptible 
plants has been prepared by Rosen and G-roves (2), but the list includes no 
hosts outside of the Rosaceae. Burrill (1, 2) and a number of other early 
investigators reported the occurrence of pear blight on a number of plants, 
among which were Jiiglans cinerea L., butternut; Juglans sp., walnut; 
and Hicora sp., hickory. These early observations were without convincing 
evidence as to the nature of the maladies. An excellent summary of them 
has been presented by Snow (4). While no experimental proof has been 
published of B, amylovorus attacking any host except within the family 
Rosaceae, its successful inoculation^ on Juglans, as later reported in this 
paper, would suggest that susceptible plants may be found in other of the 
botanical families. 

The cultures used in this study were isolated from fire-blight lesions of 
pear trees and a species of Cotoneaster. These cultures, when inoculated 


TABLE 1 . — Inoculations on Jugulans with the pear-hlight or ganismj Bacillus amylovorus 


Species 

Tissue ■ 

Inoculations 

Results 

Manner 

Number 

Positive 

Negative 

/. regia 

Nuts 

Puncture 

20 

20 

0 


Nuts 

Contact 

10 

6 

4 


Shoot 

Puncture 

20 

16 

4 

J. nigra 

Nuts 

c c 

20 

15 

5 


Shoot 

C { 

10 

4 

6 

*7. calif ornica 

Nuts 

c ( 

5 

3 

2 

/. JBim dsii 

Nuts 

i c 

10 

10 

0 


Shoot 

( c 

40 

34 

6 

J. Sieholdiana 

Nuts 

t i 

20 

20 

0 


Shoot 

{ c 

3 

1 

2 

/. cordiformis 

Nuts 

( c 

20 

15 

5 


Shoot 

t £ 

3 

0 

3 


1 Paper No. 230, University of California Graduate School of Tropical Agriculture 
and Citrus Experiment Station. 

2 The pathogenicity of Bacillus amylovorus on Jugulans was first demonstrated, 
accompanied by inoculations, by M. C. Goldsworthy (data not published), and was called 
to the writer attention about 1926. 
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into pear shoots, reproclnced the disease in its typical form. The cultures, 
so far as tested, appeared to be typical of the pear-blight organism. 

The inoculation tests were made in 1927 to 1930 on the succulent twigs 
and, as far as possible, on the nuts of the following species: Juglans 
calif ornica Walt., J.Hmdsii Sarg., J. insiolaris Grisebach (a Cuban species), 
J, major Heller, J. nigra L., J. regia L., J. Sieholdiana Maxim., J. Bie~ 
holdiana var. cordiformis Makino, J. mandscJntrica Maxim., J. pyriformis 
Liebm. (from Mexico), and some hybrids between some of these species. 
A partial summary of these inoculations is given in table 1. 

INOCULATIONS ON JUGLANS REGIA 

The inoculations on the nuts were made by puncture in June and July. 
Three punctures were made on each of five nearly full-size nuts. In three 
days from inoculation definite lesions 5 mm. in diameter had formed about 
the punctures, and in five days the infected areas were 40 to 50 mm. in 
diameter (Pig. 8). The lesions in most eases had coalesced. The infected 
necrotic area was darker than normal tissue and eventually had a somewhat 
water-soaked appearance. The oldest, central part of the lesion was nearly 
black, while between this and the normal tissue there was a diseased zone of 
a somewhat deeper green than that of the normal tissue. Some of the in- 
fected nuts, when placed in a moist chamber over night, developed sticky 
drops on the surface, a well-known characteristic of this organism. The 
tissue of the infected nuts soon showed a shrivelled appearance. With a 
culture of Bacilhis amylovorus isolated from Cotoneasier sp., the tests were 
duplicated on Eureka walnuts in 1929, and were repeated in 1930 with the 
same definite lesions. In these inoculations under field conditions no pro- 
tection was given the infection courts on the nuts. 

The fruits of the English walnut, wdien inoculated, are apparently as 
susceptible to Bacillus amylovorus as they are to B act ermm juglandis 
(Pierce), a proven pathogene of J. regm, and generally ascribed as the sole 
cause of the destructive disease known as walnut blight. Inoculations by 
brushing some of the bacterial growth of B, amylovo^ms on the surface of 
the nuts with a camePs-hair brush, without covering, gave negative results. 
Wiien the nuts were thus brushed and protected with adhesive tape to 
which was fastened a circle of filter paper moistened with the bacterial 
growth, the results in six cases were positive (Pig. 7, also Table 1). In 
some of the other contact inoculations the results were slight, with some 
blackening of the surface, or altogether negative. The results are not en- 
tirely conclusive that the organism can always enter through the stomata 
of the nut, but these inoculations would indicate that this sometimes 
takes place. 




Pigs. 1-6, inoculationa with Ba 
2, two nuts of paradox hybrid (J. B 
oordiformis ; 4, two nuts of J. Seih 
J. HindsiL 7-8, inoculation on J 
growth on surface and on a circle ot 
fastened to nut; 7b, nut inoculated 
lated by puncture. 9, shoots of Ju 
shows inoculated petiole and large 
that at right. Note smaller lesio: 
Hmdsii. Photographed after 14 di 


us annylovorus on nuts of Juglans. 1, J, major; 
isiix J. regia) ’j 3 J two nuts of J. Sietoldiana Tar. 
liana; 5, three nuts of /. 7iigra; 6, three nuts of 
Ians regia. 7a, inoculation by placing bacterial 
.ter-paper fastened to adhesive tape and the whole 
:e nut at left, only punctured; 8, two nuts inocu- 
\ns regia inoculated by puncture. Shoot at right 
dons on succulent growth; shoot at left part of 
10, puncture inoculation on twigs of Juglans 
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Puncture inoculations on tlie succulent twigs gave definite lesions (Pig. 
9) 15 to 22 mm. long and of a blackisli color. On the more woody tissue 
the lesions were much smaller, as indicated in figure 9, a. These lesions on 
the English walnut appear to be similar to those reported (5, p. 353) as 
being produced on this host by Bacterium juglandis. While no experi- 
mental evidence has been found to show that Juglans regia is attacked in 
nature by Bacillus amylovoruSj yet such relations should be looked for in 
future isolations from walnut-blight tissue. Inoculations on succulent pear 
shoots with Bad. juglandis have all been negative. 

INOCULATIONS ON OTHER SPECIES OF JUGLANS 

The nuts of Juglans calif ornica, J. Hindsii^ J. major ^ J. nigra, J. Sie- 
holdiana, J. Sieholdiana var. cordiformis and some paradox hybrids 
( J. Hindsii x J. regia) , also J. calif ornica x J. regia and Eoyal hybrid 
(/. nigraxJ, regia) were inoculated by puncture in the open field with 
Bacillus amylovorus. In 5 to 10 days definite black lesions, 10 to 20 mm. 
or more in diameter, had developed on all the nuts of the above species, 
except on J. nigra, where the lesions were smaller, about 5 mm. in diameter. 
(See Figs. 1-6.) This small size is believed to be due to the more mature 
hard tissue of the larger nuts. 

The shoots (Fig. 10) of all, these species can be readily infected arti- 
ficially on the more succulent parts, while the more woody tissue is slightly 
infected. Probably the slight darkening of some of these latter inocula- 
tions extends to little more than the injured tissue. In addition to the 
above susceptible species, shoots of other species, Juglans insularis, J. pyri- 
formis, and J. mandscMirica, were inoculated with apparently negative re- 
sults. Inoculations on shoots of Hicora pecan Brit, with Bacillus amy- 
lovorus were negative. 

REISOLATIONS AND REINOCULATIONS 

Cultures were made from selected artificial inoculations on the nuts and 
shoots of Juglans regia and from them Bacillus amylovorus was reisolated. 
Eeinoculations into branches of Pyrus sp. gave positive results. The recov- 
ery of the organism from the inoculation on other species of Juglans was 
not attempted. 

SUMMARY 

Bacillus amylovorus, a well-established pathogene of different species of 
the Kosaceae, when inoculated into tissues of Juglans, has produced black- 
ish necrotic lesions 5 to 20 mm. in diameter. Under natural conditions the 
organism has never been demonstrated as attacking any species of Juglans. 
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The nuts of the seven species, including Juglans regia and three t^^es 
of hybrids between these species, were successfully inoculated, forming 
lesions not distinguishable from those formed by Bactermm juglandis, a 
pathogene of J. regia. The succulent shoots of J. regia and most of the 
other species, when inoculated, proved to be susceptible, forming lesions 10 
to 20 mm. in diameter. The epidermis of the shoot was the part attacked 
and darkened. In the nut the shell seemed to be the part involved. 

Graduate School op Tropical Agriculture 
AND Citrus Experiment Station, 

Unitorsitt op California, 

Eiverside, California. 
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TRANSMISSION OF TOBACCO RING SPOT BY SEED 
OF PETUNIA" 

E. 6. Henderson 

Eeports of seed-borne virus diseases of leguminous plants are not un- 
common. In fact, it seems tliat tke virus diseases of legumes are trans- 
mitted through the seed in the majority of cases. For instance, McClin- 
tock (7), in 1917, reported that lima-bean mosaic was seed-borne. Two 
years later Eeddick and Stewart (10) discovered that bean mosaic was 
transmitted through the seed, and their results have since been confirmed 
by the work of Archibald (1), Pierce and Hungerford (9), Fajardo (4), 
and others. Seed transmission of soy-bean mosaic was reported by Gard- 
ner and Kendrick (5) in 1921 and by Kendrick and Gardner (6) in 1924. 
Dickson (2) increased this list by rej)orting seed transmission of mosaic for 
pea, red clover, alsike elover, and sweet pea in 1924. 

The brief statement given above will suffice to show that seed transmis- 
sion seems to b e the rule-rather than the exception for virus diseases of 
leguminous plants. This rule, however, wdll not hold good for the virus 
diseases of other than leguminous plants. A casual review of the literature 
reveals the fact that virus diseases of non-leguminous species are very sel- 
dom transmitted through the seed, and, in the few cases reported, the 
amount of infection thus transmitted has been very lo-w in comparison with 
that reported for the virus diseases of legumes. Doolittle and Gilbert (3), 
in 1919, for example, reported that out of a total of 130 plants of wild 
cucumber, Micrampelis lolata, grown from seed collected from mosaic- 
infected plants, only ten developed mosaic. Newhall (8), in 1923, reported 
seed transmission of lettuce mosaic to the extent of about 3 per cent. 

In a recent issue of The Plant Disease Eeporter, Yalleau (11) reported 
that evidence had been obtained to show that tobacco ring spot is trans- 
mitted through tobacco seed. The results of the writer ’s studies on tobacco 
ring spot are not in agreement with Yalleau ’s statement. The writer, how- 
ever, has found that tobacco ring spot is very definitely transmitted 
through the seed of garden petunia, Petunia violacea Lindl., and the pur- 
pose of this paper is to present his data on this subject. 

Yhngard (12) has already shown that the petunia is susceptible to in- 
fection by tobacco ring spot, but natural infection of this host has only 
recently been observed. The first case of natural infection observed on 
petunia was found this spring in a flower bed on a Pittsylvania County 

1 Paper No. 76 from tlie Pepartment of Botany and Plant Patliology, Virginia Agri- 
cultural Experiment Station. 
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Pig. 1. — Aj Turkish, tobacco plant 26 days after being inoculated witli expressed 
juice from petunia seedlings infected rvith ring spot transmitted through the seed. 
B, half of petunia seed pod from a ring-spot-infected plant. This material was killed 
in a solution prepared from 5 gm. mercuric chloride, 5 cc. formalin and 5 cc. glacial 
acetic acid in lOO cc. of 50 per cent alcohol, treated with cellulose acetate solution for 
about two weeks and finally cleared in oil of Gaultheria. About 2.5 x. C, half of a 
petunia seed pod from, a healthy plant, which was treated in the same manner as de- 
scribed above under B, About 2.5 x. H, leaf from healthy petunia seedling shown in 
figure 2, A. About 1.5 x. E, leaves from ring-spot-infeeted petunia seedlings. Some 
of these leaves were taken from the seedlings shoTvn in figure 2, B. About 1.5 x. 
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(Va.) lawn, and the second instance was found about a month later under 
similar conditions in Washington County. The symptoms of the disease 
on the petunia in these two instances corresponded with those described by 
Wingard for this plant. Of course, the fact that ring-spot infection oc- 
curred naturally on petunia in these instances does not necessarily mean 
that it was transmitted through the seed, but the writer feels that it is a 
strong bit of circumstantial evidence to that effect. 

The writer's experimental results have shown very clearly that the to- 
bacco ring-spot virus is transmitted through the seed of petunia. In 
August, 1929, a lot of seed was collected from a number of ving-spot- 
infected petunia plants growing in the Experiment Station greenhouse at 
Blacksburg, Virginia. These plants had been inoculated with ring-spot 
virus from tobacco plants. Immediately following the inoculation their 
growth was greatly retarded, but later the ring-spot symptoms became par- 
tially masked and the plants grew and blossomed normally. Many of the 
flowers, though apparently normal, remained sterile; and those that were 
fertile set pods that bore only a little seed as compared to a normal pod 
(Fig. 1, B, C). 

About a month after the date of harvest, a portion of this lot of seed 
was sown in a greenhouse bed. The seed bed had been previously steamed 
and carefully prepared, and special effort was made throughout the experi- 
ment to prevent contamination from outside sources. The greenhouse was 
kept practically free of insects, and no ring-spot material of any kind was 
handled near the beds in which the petunia plants were growing. The seed 
germinated well and the seedlings showed no indication of damping-off or 
dying from any other cause. 

The results of this experiment were quite surprising. Out of the 810 
seedlings grown, 160, or 19.8 per cent, developed ring-spot infection. In- 
oculations with this material gave positive results on tobacco (Fig. 1, A), 
thereby demonstrating that the petunia seedlings were infected with ring 
spot. The infected seedlings w^ere severely dwarfed and stunted, as shown 
in flgure 2, B. The first few leaves were mottled in color and streaked with 
watery green spots and lines that more or less followed the veins (Fig, 
1, E). Some of the leaves showed only a few of the watery green areas 
and many light browm streaks that apparently resulted from a slight necro- 
sis of the leaf tissues. A curling of the leaves along the margin was also 
noticeable in some eases (Fig. 1, B). 

The healthy seedlings were removed from the bed and the infected ones 
left and allowed to grow to maturity (Pig. 2, D) , They remained dwarfed 
for a short time hut later seemed to outgrow the disease and lose nearly all 
symptoms of infection (Fig. 2, C). Some of the leaves, in spite of the gen- 
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eral masking of the symptoms of infection, continued to show streaks, and 
many developed chlorotic and necrotic rings typical of systemic infection. 

On March 24, 1930, the remainder of the lot of seed used in the experi- 
ment here reported was sown in the greenhouse. On May 5, an examina- 
tion was made for ring-spot infection, and 21 out of a total of 104 seedlings 
exhibited symptoms typical of the disease. This is approximately the same 
percentage of infection as was transmitted in the previous test, and it shows 
that the virus did not decrease in virulency during the extended period of 
time in which the seed remained in storage. 

Virginia Agriciiltural Experiment Station, 

Blacksburg, Virginia. 
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SOLUBILITY OP BORDEAUX 
Geoe(je L. Hockenyos 


Since its first systematic use by Millardet in 1883 Bordeaux mixture lias 
been the subject of much serious study. All phases dependent on the de- 
termination of solubility have, of course, been limited to the accuracy of 
the analytical methods available. Up to the present the most sensitive 
method of determining copper has been the ferrocyanide colorimetric 
method, credited with detecting one part of copper in 2,500,000.^ 

A colorimetric method^ of ten times this sensitivity has recently been 
published and the writer has applied it to the investigation of some doubt- 
ful assumptions now held regarding the solubility of the copper compounds 
in Bordeaux mixtures. 

This method is essentially that originally published and consists of tak- 
ing 17.5 cc. of the solution to be determined and adding successively 0.5 cc. 
ammonium hydroxide and 2 cc. sodium diethyl dithio carbonate. The col- 
ored solution so produced is compared with a standard similarly prepared 
in a Duboscq colorimeter, A suitable standard is prepared by diluting 2 
cc. of a 1/5000 N solution of copper sulphate to 17.5 cc. and proceeding as 
above. If the sample is much darker than this it should be diluted and 
comparisons made between approximately similar solutions. 

The writer found that wdiere considerable amounts of calcium salts were 
in solution there was developed a cloudiness that interfered with the analy- 
sis. In such cases the method was modified as follows: To 15 cc. sample 
add 0.5 ee. concentrated hydrochloric acid to insure a clear solution; then 
add 1.5 cc. concentrated ammonium hydroxide and 1 ee. of a 1 per cent 
solution of saponin to peptize the colloids formed and finally add 2 cc. of 
1 per cent sodium diethyldithiocarbonate. The standard is made up in the 
same way and it is essential that approximately similar concentrations of 
copper be used as the saponin has some color of its own that must be bal- 
anced. With the usual precautions attendant with the use of a colorimet- 
ric method excellent results can be obtained. 

In all of this work the solubility determinations were at room tempera- 
ture and the Bordeaux mixtures were prepared by dissolving the lime and 
copper sulphate separately in one half the total amount of water and then 
pouring the copper sulphate into the lime with vigorous stirring. 

1 Yob, John H. Photometric Chemical Analysis, Vol. 1, J. Wiley & Sons, Iiie., New 
York, and Chapman and Hall, Paris, 1928. 

2 Callan, Thomas, and J. A. K. Henderson. A ncAV reagent for the eolorimetrie 

determination of minute amounts of copper. Analyst 54: 650-653. 1929. 
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The first point investig'ated was on the solubility of metallic copper it- 
self. Numerous workers have noted that metallic copper exerts a toxic in- 
fluence when present in algal, bacterial, or fungous cultures. Nageli,^ 
being unable to demonstrate the presence of copper in solution, formulated 
the so-called '‘oligodynamic’’ theory. 

The writer placed some copper wire, wdiich had been cleaned by scrap- 
ing with a knife blade, in distilled water. Care was used to avoid touching 
the wire with the hands. One sample was placed in water recently boiled 
to free it of gases and another in water saturated with atmospheric gases 
by bubbling washed air through it. The containers were then tightly 
corked. The percentage of copper in solution is shown in the following 
table : 



Boiled Water 

Aerated Water 

24 hours 

, 0,00013 per cent 

0.000015 per cent 

3 days 

0.00039 

0.00032 

9 days 

0.00104 '' 

0.00039 '' “ 


The fact that more copper, ultimately dissolved in the boiled water, may 
be associated with the formation of an insoluble film in the presence of dis- 
solved atmospheric gases. 

Bordeaux is commonly made on a formula approximating the so-called 
d^-4r-50 or 4-6—50 formula. These latter two formulae give 1 per cent cop- 
per sulphate to 1 per cent lime or 1 per cent copper sidphate to 1.5 per cent 
lime, respectively. Pickering,^ in 1917, published a list of the compounds 
formed when copper sulphate and lime are mixed in various ratios varying 
from 1 part copper sulphate to 0.169 parts lime up to 1 part copper sul- 
phate to 0.67 parts lime. 

A series of seven mixtures were made up, five of them in the ratios indi- 
cated by Piekering and the other two in the ratios commonly used in 
orchard practice. In all eases 1 per cent eoj)per sulphate was used. Thus 
in the case of sample P the solution was equivalent to a 4-4-50 Bordeaux. 
The percentage of copper in the supernatant fluid was determined after 
three days’ settling. 

In their hook, "Science and Fruit Growing,” Spencer and Pickering 
discuss these formulae as follows: A is just enough lime to precipitate all 
the copper present, C is a nentral Bordeaux, and, if excess lime is used, an 

3 Nageli; Carl K. voa. Ueber oligodynamiselie Ersebeiiiungen in lebeiideii Zelle. 51 
pp. 1893. Zuricb. 

4 Piekering, S. V. The Chemistry of Bordeaux mixture. Jour. Ghem. Soc. 91: 

1988-2001. 1907. 
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Eatio copper 
to hydrated 
lime 

Orchard 

fonnnla 

Piekering 

formula 

Per cent 
copper ill 
solution 

Color of 
precipitate 

A 

1-0.169 

A-D. 67-50 

10 OuO 2.5 SO, 

0.04 

Greenish 

B 

1-0.18 

4-0.72-50 

10 OuO 2 SO, 

0.03 

c c 

C 

1-0.203 

4-0.81-50 

10 CiiO SO 3 

0.016 

Greenish-blue 

D 

1-0.27 

4-1.08-50 

10 CuO SO 3 3 CaO 

0.00009 

Pale blue 

E 

1-0.67 

4-2.68-50 

10 CuO 30 CaO 

0.00013 

C C C ( 

F 

1-1.0 

4-4r-50 


0.00014 

Medium blue 

G 

1 - 2,0 

4-8-50 


0.00014 

Dark blue 


alkaline Bordeaux results with compounds C and D being formed and it is 
only after several days standing that compound E is formed. They 
further add that in the case of formula D no copper can be detected at all 
in solution. 

In making the above analyses the writer pipetted a portion of the super- 
natant liquid, rather than filter it off, because it was found that filtering 
altered the copper content of not only the Bordeaux solution but of the 
standard as well. This may have been due to the absorption of the copper 
ions by the filter paper or to the interference of filter-paper fibrils in the 
formation of the colored compound. That the copper obtained in these 
analyses was not particles in suspension is shown by the fact that a precipi- 
tate made by formula F was repeatedly decanted wuth distilled w^ater and 
finally washed on a filter. Upon being shaken wuth distilled water and 
allowed to stand t-wo days, it gave 0.00013 per cent copper in solution. A 
further cheek \vas made by drying such a precipitate in the oven over night 
at 180° F. and then shaking in distilled water. After tw^o days an analy- 
sis showed 0.00010 per cent copper in solution. 

In commercial practice, stone lime or calcium oxide is sometimes used 
in place of the hydrated lime or calcium hydroxide. Several mixtures were 
made up using the chemical equivalent of stone lime in place of the 
hydrated form. The lime w^as boiled in a small amount of water and 
diluted before mixing with the copper sulphate. This gave a very milky 
lime suspension and wdien precipitated it gave a dense dark blue precipi- 
tate. The liquid, however, tested 0.00010 per cent copper and did not dif- 
fer greatly from the hydrated lime precipitates. It Avas also found that if 
hydrated lime be boiled vigorously for a few minutes with a small amount 
of w^ater before diluting and mixing with the copper sulphate solution, it 
tends to make a darker colored and denser precipitate than where simply 
shaken up in the cold. 

Sugar has frequently been used as a preservative and it has been sug- 
g'ested that its action is due to its chemical combination with the calcium 
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liydroside. Certain it is that both the precipitate and the supernatant 
liquid take on a deep blue color when sugar is added. A solution contain- 
ing 0.5 per cent sugar was analyzed and found to contain 0.078 per cent 
copper actually in solution. 

Numerous other applications of this method suggest themselves. 
Among these are the effect of atmospheric agents on Bordeaux spray on 
fruit-tree foliage and the effect of the excretions of the leaves themselves. 
Some studies of these factors were recently made by DeLong*^ but this 
method was not used. 

Department op Horticulture^ 

University op Illinois, 

Urbana, III. 

5 DeLong, D. M.j W. J. Reid, Jr., and M. M. Darley. Tlie plant as a factor in the 
action of Bordeaux mixture as an insecticide. Journal Economic Entomology 23: 383- 
390. 1930. 



THE AVOCADO DISEASE CALLED SUN BLOTCH^ 

Wm. T. Horne and E. R. Parker 

The writers are not aware that the avocado disease called sun blotch 
occurs in any country except California.^ We do not have accurate infor- 
mation as to when it was first observed in this State, though it is now fre- 
quently met with and may be considered of general distribution here. 

The first published mention of the disease which has come to our atten- 
tion is the article by Dr. Coit^ where a brief, but effective, description of 
the disease is given with five illustrations. The nature of the disease is 
indicated and an interesting hypothesis set forth as to its cause, and, 
finally, the most important procedures as to control are pointed out. 

As indicated by Dr. Coit, symptoms of sun blotch involve the fruit, 
young stems, branches in general, and trunk. On the fruit, long and nar- 
row, shallow, longitudinal grooves or depressed streaks appear near the 
stem end (Fig. 1). The surface of the streak tends to be smooth. If the 
fruit is short and broad the streak tends to be a smooth, flattened or some- 
what depressed area radiating from the vicinity of the stem end. The color 
of the fruit streak in green fruits is whitish or yellowish, whereas with pur- 
ple varieties affected areas develop striking red or purple red colors. 

On the young stems shallow, light-color or, in some varieties, buff-eolor 
longitudinal grooves or streaks may appear (Fig. 2). Some bright red 
streaking may show also in the stem lesions. Where symptoms are well 
developed they are striking, but frequently the streaks fade out to merely 
obscure mottling; also excessively vigorous normal shoots have certain 
longitudinal grooves and ridges. As heavily affected stems become some- 
what older they become very uneven and rough with prominent lenticels. 
The shoots become decumbent, somewhat twisted and abnormal in appear- 
ance, having a dull color and unthrifty aspect. In addition to the symp- 
toms described by Dr. Coit we have observed on the variety Caliente a 
white variegation of unequal distribution on the leaves. This appears to 
be a symptom of sun blotch. Bark of the trunk of sun-blotch trees has been 
observed to be unusually rough, but we are not sure that this is an invari- 
able indication of the disease. 

1 Paper Ho. 228, University of California Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Riverside, California. 

2 Dr. H. S. Fawcett, in a personal letter w^ritten from Rome on June 11, 1930, states 
that he saw sun blot eh in a tree or two in Palestine, trees which he understood came 
from California, 

3 Coit, J. E., Sun blotch of the avocado, a serious physiological disease. Tearb. 

Calif. Avocado Assoc. 1928; 27-32. 1928. 
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Yig. 1. Sun blotcli ill avocado fruits of the Lyon variety. A, a pronounced longi- 
tudinal crease near the stem (see arrow) which is sufficient to disqualify the fruit for 
first grade. B, broad, deep depressions near the stem, causing serious distortion. In 
one of the sun-blotch depressions is an area of secondary necrosis. 

A striking feature appears to be the variation in the degree to which 
symptoms are shown. Some trees have undoubted symptoms of the dis- 
ease yet appear normal, except on close examination, and it is probable in 
some cases that affected trees cannot be recognized even by experienced 
persons. In other cases affected trees become very abnormal and worthless. 
Severe pruning appears to accentuate symptoms on the robust shoots. It 
seems probable that the appearance of syunptoms of the disease and their 
severity are related to the vigor of growth of the affected part. 

The disease has been observed on numerous varieties and none are 
known to be immune. Importance of the disease is as yet uncertain. If 
it should develop extensively in its more severe form, as it appears on un- 
thrifty nursery trees, it would certainly be disastrous. On some large trees 
the only injury discoverable is an occasional slightly marked fruit wliieh 
becomes a cull, general vigor and production being fairly normal. 

In the affected parts of the plant there appears to be a deficiency in the 
development of certain tissues but the pathological histology has not yet 
been worked out. 

The suggestion made by Dr. Coit as to the cause of sun blotch, ie,, that 
it originates where tissue is injured by sunburn, is interesting. Whatever 
the origin, it seems clear that sun blotch, once originated, may be continued 
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Fig. 2. Sun-bloteli scion on healtliy stock showing beginning of the decumbent habit, 
grooves on the twigs (see arrows), and rough abnormal bark. 

by budding or grafting and is then not dependent on sunburn for its 
development. 

It is well recognized by practical men that a sun-blotcli scion set in a 
normal tree grows with the sun-blotch character. Scions set by the second 
writer at the University of California Citrus Experiment Station, Eiver- 
side, Calif., have shown this behavior. In the ease of a tree with only slight 
symptoms of sian blotch, we are not sure that all twigs Avould, if used as 
scions, transmit the symptoms to shoots originating from them. 

Dr. Coit gave the writers certain evidence indicating that where a sun- 
blotch-diseased scion grew on a healthy stock shoots subsequently arising 
from the stock (Fig. 2) also might show the disease. In at least three cases 
this has clearly occurred at the Citrus Experiment Station. The disturbed 
condition, therefore, progresses frona diseased scion to healthy stock. 
Growers state that healthy scions set in sun-blotched trees grow out with 
the symptoms of sun blotch. Owing to the difficulty involved in making- 
sure that a given scion is free from sun blotch, this point is receiv- 
ing further study. 
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Inoculations on seedlings have been made in several ways: by needle 
pricks, first moistening the needle with juice of affected tissue ; by hypoder- 
mic needle, introducing juice from diseased tissue; by hypodermic needle, 
using juice from diseased tissue which had been passed through a Berke- 
feld filter; and by introducing pieces of living diseased tissue. Results 
from these inoculations are negative to date. Through the kindness of 
Professor E. B. Babcock a set of plants was treated with X-rays, but it is 
not yet apparent that any permanent change in the tissues has been 
induced. 

Prom the above evidence it would appear that the disease of avocados 
called sun blotch belongs to the group of plant diseases called infectious 
chloroses. 



DOWNY MILDEW OP SOEGHUM AND MAIZE IN EGYPT^ 

L. E. Melchers^ 

The downy mildew of sorghum and maize was found by the writer in 
June, 1928, on the agricultural experimental farm belonging to the Minis- 
try of Agriculture, Giza, Egypt. It had not previously been reported in 
Northern Africa. The disease was first noticed on plants of sorghum 
(durra) as they approached the heading stage in a ''date- of -planting'' ex- 
periment which had been made for the purpose of studying the effect of 
soil temperature on kernel-smut {Sphacelotheca sorghi (Lk.) Cl.) infection. 
All plantings became attacked by the downy mildew. Later, the disease 
appeared on some maize which grew adjoining the durra plots. 

As this was the first time downy mildew had been observed in Egypt, 
the matter was of considerable importance because of the place which durra, 
and especially maize, hold in Egyptian agriculture. The various infected 
plantings were immediately ordered removed and burned, and close watch 
was kept on all other plantings in the vicinity. Downy mildew appeared 
later in another section of the farm on some sorghum varieties, the seed of 
which the writer had brought from Kansas. All plants were removed as 
soon as they were found to be infected. Several scouting parties were sent 
to other Provinces where sorghum [called millet in Egypt) is grown to 
search for the presence of downy mildew. Fortunately, it was not found 
at that time on sorghum or maize in any other Province except at Giza. 

The source of the infection by this fungus is not definitely known. Cir- 
cumstantial evidence indicates that it may have entered Egypt on packing 
materials from India. The Section of Horticulture at Giza imports plants 
from India and these may have been the source of the inoculum. The 
writer examined the grasses in the vicinity of the Giza farm, believing that 
infection very probably originated from such a source, but no evidence of 
its presence on grasses was discovered. It is possible that if additional 
time had been given to a more comprehensive search of the wild grasses of 
the tribe Andropogoneae of the Gramineae, its presence would have been 
found; at least, this is the logical place to have expected its occurrence. 
The entire matter of the origin of the fungus in Egypt remains prob- 
lematical. 

During the latter part of June, and July, August, and September, when 
maize and sorghum are growing, the climate of the delta is generally warm 

1 Gontriloutioii No. 309 from the Department of Botany and Plant Pathology, Kan- 
sas Agricultural Experiment Station. 

2 Chief Mycologist, Egyptian Ministry of Agriculture, Cairo, Egypt, 1927 to 1929. 
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and humid; therefore, conditions are favorable for the development and 
spread of downy mildew. 

Material was examined microscopically by Dr. R. M. Nattrass, one of 
the assistants of the Mycology Division, who identified the organism 
as Sclerospora graminicola var. andropogonis sorgln. Examinations by Dr. 
Nattrass and myself of the downy mildew on maize led us to believe that 
it was the same species. No striking differences in appearance or measure- 
ments could be found between the eonidial stages on durra and on maize. 
Apparently it is the same species as that present on sorghum in India. If 
it is the same species on sorghum and maize in Egypt, the matter is of con- 
siderable scientific interest, as all literature describes the species attacking 
maize as an entirely different species and there seems to be no record of the 
same species attacking both maize and sorghum. 

Upon returning to the United States, the writer sent specimens on 
sorghum to AV. H. AVeston, Jr., who kindly examined the material and com- 
pared it wdth specimens from India, Java, and South Africa. As a result 
of his examinations he has informed the wunter that he would identify the 
Egyptian form on sorghum as Sclerospora grmiinicola var. andropogonis 
sorghi of Kulkarni. According to Dr. AVeston the eonidial stage present in 
this Egyptian material is not sufficiently mature to show certain features 
important in diagnosis, but the resting spores (oogonia wdth oospores) are 
fairly abundant and w^ell developed. These bodies, in diverse collections of 
this Sclerospora from sorghum, show^ some variation. In essential charac- 
teristics of size, structure, color, etc., this Egyptian material most closely 
resembles the specimens from Kirkee, India, rather than those from Poona, 
India, wdi ere Kulkarni originally established the variety. 

A more complete ecological study of this problem in Egypt w^ould have 
been extremely interesting, together with cross-inoculation studies on durra 
and maize. This was not attempted because of attending dangers. Every 
effort was made to eradicate this disease as soon as it was discovered, as 
there was no way of knowdng how rapidly it might spread. In the writer As 
opinion, there is circumstantial evidence to indicate that dowaiy mil- 
dew^ may have been present on sorghum plantings at Giza in 1926 but wgxs 
not recognized as such by the mycologist in charge. Although every pre- 
caution was taken to prevent this disease from becoming established 
in Egypt, there is some doubt Avhether dowuiy mildew of sorghum or maize 
would find the proper environmental conditions to produce epiphytotics in 
that country. 

Kansas Agrictjltiteal Experiment Station, 

Manhattan, Kansas. 



PHYTOPATHOLOGICAL NOTES 

Another host for Usiilago siriaeformis (West cl.) Niessl. — In May, 1929, 
the writer found a plant of bottle-brush grass, Hystrix hysirix Millsp., 
heavily infected with a leaf smut. The plant was growing* in a yard at 
Manhattan, Kansas, and undoubtedly was from seed scattered by a plant 
that had been grown, the preceding season, as an ornamental in the garden. 
Many other seedlings of the same species were growing within a few feet 
of the smutted plant, but none of them showed any infection. 

Leaf smuts of grasses are seldom seen in the vicinity of Manhattan, so 
the infected plant was carefully transplanted to a pot in the greenhouse 
where it could be watched. Here it grew to normal maturity and produced 
a spike typical of Rysirix hystrix. When found the plant had only four 
or five leaves, all of which, except the first two, showed the long grayish 
black lesions characteristic of this leaf smut on other grasses. All subse- 
quent leaves showed many such lesions. As is typical of most leaf smuts 
on grasses, the sori at first were covered by the ejoidermis, but as the leaves 
matured, the epidermis ruptured and exposed the black spore masses. 

At maturity the smutted leaves were: collected and a specimen sent to 
the Office of Mycology and Disease Survey, United States Department of 
Agriculture, where the fungus was identified by R. W. Davidson as TJsti- 
lag a siriaeformis (Westd.) Niessl. Another specimen was sent to Dr. A. 
G. Johnson of the Office of Cereal Crops and Diseases who, together with 
Mr. W. W. Diehl, also identified the fungus as U. striaeformis. Reports 
from both sources stated that no previous record of the occurrence of Z7. 
striaeformis on Hystrix hystrix could be found. Therefore, it seemed de- 
sirable to record H. hystrix as another host for this smut. The other 
plants of this grass, growing within a short distance of the smutted plant, 
were observed at frequent intervals throughout the summer of 1929, but 
none of them developed the smut. Seedlings from those plants emerged in 
the spring of 1930, but, out of more than 100, none have shown signs of leaf 
smut. — C, 0. Johnston, Office of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture, cooperating with the 
Kansas Agricultural Experiment Station, Manhattan, Kansas. 
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E . G . H A S T IN G S 

At tlie beginning of the present century the passing of a young man 
from life on a farm to the uniY'ersity of his State was something accom- 
plished only after serious thought and under some special stimulus. A 
study of the various stimuli that have been active in attracting young 
men out of the road that stretched away so clearly before them, the road 
of their normal environment, to a road up which they could see only the 
shortest distance, which ended in conditions no one could predict, would 
prove interesting. For a prominent geologist of the writer’s acquaintance, 
the stimulus was a tray of minerals that in some way or another reached 
his boyhood home; for a chemist, the formulae on the sacks of fertilizer 
used on the farm. Probably the lure of amateur snapshots drew W. H. 
Wright from a farm in southern Indiana to study at Purdue University 
ill 1904. But the stimulus that attracted him to a life of teaching and 
research in biology is most evident. It was Dr. Stanley Coulter, for a long 
period in charge of biology at Purdue University. Dr, Wright transmitted 
this stimulus to many young people. Thus the infLiience of the teacher is 
an enduring and ever-widening one. 

Dr. Wright graduated at Purdue in 1908, and in the fall of that year 
came to the University of Wisconsin as a graduate student in bacteriology 
and chemistry. There he received the degree of Master of Science in 1909. 
In the fall of that year Dr. Wright joined the staff of the Department of 
Agricultural Bacteriology as an assistant. He was promoted through the 
various ranks and at the time of his death, May 3, 1929, was associate pro- 
fessor of Agricultural Bacteriology. He had thus almost completed two 
decades of service in the University. 

His residence at Madison was broken by one year of graduate work at 
Cornell University, where he studied under the late Prof. W. A. Stocking. 
In 1925 he was granted the degree of Doctor of Philosophy by the Univer- 
sity of Wisconsin. 

The period of Dr. Wright’s service included the years when agricultural 
colleges reached the peak of their enrollment. There were many students to 
teach and a large part of this load fell to Dr. Wright. At first the teach- 
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ing was chiefly in connection with the laboratory work of the elementary 
courses; later, lecture work with short-course students in agriculture and 
classroom instruction in the college courses in beginning bacteriology, and, 
finally, with the development of a course in the special technique of the 
bacteriological laboratory. All these various types of work were carried 
with a superlative degree of success. 

To some, the acquaintance of the teacher with his specific subject and 
■with its relation to other subjects and his ability to present the facts and 
relationships in a vivid manner, to have enthusiasm for his work and to 
impart it to some of his students, to be willing to enter into the school life 
and the extra-school life of his young people, and to share his time and 
energy in and out of class-room and laboratory seem more important than 
fine-drawn definitions and excessive theory in teaching. I am not aware 
that Dr. Wright ever took a course in education, but I am certain that he 
had and nsed the qualities of a great teacher. 

His ingenuity and his bent toward things mechanical helped him to 
develop a course in bacteriological laboratory technique, which many grad- 
uate students have asserted to have proven their most valuable course. It 
was this characteristic which attracted him to a study of the mechanical 
isolation of single bacterial cells, suggested and nsed by Barber two decades 
ago, and to suggest certain changes in the technique which made the method 
more certain. Before one can assert that a particular organism possesses 
a specified characteristic or that a certain culture represents an inter- 
mediate strain bet-ween two types of pathogenic organisms the purity of the 
culture must be certain. The single-cell technique enabled Dr. Wright to 
answer some of the questions which bothered the student of crown gall 
and hairy root. Known pure cult-ares fell into one or the other group. 
The intermediate strains that had perplexed the plant pathologist disap- 
peared, and the confusion was shown to be due to mixed cultures obtained 
by the usual plate method. Still a third organism, Baoillus radiolacter^ 
entered still farther to confuse the student of this problem in phytopa- 
thology. The single-cell technique supplied once more clarity in place of 
turbidity. The researcher in this field now has available a method of deter- 
mining whether the niche that will permit him to climb a bit higher is a 
safe one or not. Safe technique faultlessly used is a necessity to all prog- 
ress, In perfecting and using such technique, Dr. Wright made important 
contributions to progress in plant pathology as well as to progress in other 
lines of bacteriology. 

The field of variation among the legume bacteria and of their varying 
effect on the host plant, noted by Hiltner and Stormer, was reexamined by 
Dr. Wright, especially as regards the soy-bean nodule bacteria. 
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At the time of Ms death he was actiyely engaged in a study of the 
single-cell technique as applied to certain human pathogenes and in a study 
for the Bureau of Fisheries of the causes of the deterioration of fish nets 
and of means of delaying their disintegration, a phase of the great field, 
still an almost unknown one, of the decomposition of cellulose. 

Doctor Wright’s interest in everything that life presents made him a 
valuable member of his home and college community; made him an enthu- 
siastic cooperator in all efforts to make, in every way, life more beautiful 
and more enduringly satisfying. 

Department OF Agricultural Bacteriology, 

University of Wisconsin, 

Madison, AVisconsin. 
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SPUR BLIGHT OF RASPBERRIES IN ONTARIO CAUSED BY 
DIDYMELLA APPLANATA^ 

L . W . Koch 
INTRODUCTION 

Spur blig'lit is a fmig’ons disease of raspberries, so called because of its 
liabit of attacking the spurs or laterals of the canes and partially or com- 
pletely destroying them. It has often been referred to as '‘cane blight^’ 
in America and quite consistently as such in Europe. In Ontario "spur 
blight’’ is the preferable name because here a quite different fungus is 
responsible for symptoms of a disease comnionlj' referred to as cane blight. 

Spur blight is prevalent in the Niagara Peninsula and is gradually 
becoming a problem of importance to the growers of that district. Its 
increasing prevalence, coupled with the meager amount of literature deal- 
ing specifically with the disease, makes spur blight a problem of scientific 
interest and economic importance. 

HISTORY AND GEOGRAPHIC DISTRIBUTION 
In America spur blight was evidently first reported by Miss Detmers 
(8) in 1891. She attributed the brown discolored areas on the canes to 
bacteria, as did also Card (5). Peck (34, p. 114) found a fungus associated 
with spur blight and, in 1894, first described the peritliecial stage of the 
causal organism in America. He attributed it to a species not previously 
described, namely, Sphaerella ruMna Pk. Stewart and Eustace (46), in 
New York, attempted to obtain pure cultures of S. nibina by the dilution 
method in 1902. They state that they were unsuccessful owing to the 
frequent occurrence of a fungus developing Phonia pyeuidia in the cul- 
tures. It seems probable that these w'orkers were obtaining the iniperfect 
stage ill their cultures but did not interpret it as such. They also found a 
ConiotJiyrium sp. commonly associated with the spiir-blight perithecia. 

Since that time spur hlight has been reported by various writers from 
widely separated regions in the United States and Canada. Sackett (41), 
in 1915, published an article in Colorado dealing with spur blight in which 
he described the symptoms, the peritliecial stage as described by Peck, a 
1 These investigations were begun in the spring of 1927, at the Dominion Laboratory 
of Plant Patliology, St. Catharines, Ontario, where the work was eontinned during the 
summers of 1927, 1928, and 1929, During the fall and winter of eaeh of the interven- 
ing years, the investigations were continued in the Department of Botany, University 
of Toronto. My thanks are due to Dr. G. H. Berkeley, of the St. Catharines laboratory, 
to Professors D. L. Bailey and H. S. Jackson, of Toronto, for their advice and criticism, 
and to the National Eesearch Council for the bursary granted by the Council in 1928-29. 
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few patliologieal changes, and several control experiments carried on in 
Colorado. Newhail (27), hi 1923, inoculated young raspberry canes with 
aseospore suspensions of SphaerellOf ruhina and observed that a Flioma sp. 
developed in the consequent lesions. He also established in pure culture 
the connection of this species with the spur-blight perithecia. Zeller and 
Norris (53) , in 1925, and Zeller (54) , report it to be very common in Oregon 
and throughout the Pacific Northwest. According to Colby and Anderson 
(6) spur blight is quite generally distributed in the United States and has 
been reported from widely separated regions. Dodge and Wilcox (9), in 
1926, say that spur blight has recently been reported to be serious in cer- 
tain localities in the Eastern and Midwestern States. Anderson et al. (1, 
pp. 92-93), in 1926, state that spur blight is widespread on raspberries in 
the Northern States and Zeller (52) reported the disease in Washington 
on the loganberry. Other reports of spur blight in the States come from 
Eobbins and Eeinking (38), Bennett (3), Daniels (7), and Hall (16). In 
Canada, Drayton (10), in 1926, reported spur blight common in Manitoba, 
Ontario, Quebec, Nova Scotia, and Prince Edward Island. 

IN CONTINENTAL EUROPE AND ELSEWIIERE 

The earliest reference to the spur-blight fungus in Europe was that of 
Niessl (29) in 1875, He assigned the perfect stage of the fungus to Didy- 
mosphderia applanaia (Niessl) Saec. It was later transferred by Saccardo 
(40) to Didymella and this name is the one usually used in European lit- 
erature. Since 1875 numerons writers in ditferent countries have referred 
to the disease, though few workers have carried on detailed investigations 
beyond some attempts at control. 

Didymella applanata has been reported from England by Harris (17), 
Nattrass (26), Beaumont and Hodson (2), and Wormald (51). In 
Switzerland it has been reported by Osterwalcler (30, 31), M'uller-Tliurgan 
and Osterwalder (25), Schellenberg (43), and Weiss (49). Osterwalder 
(30), in 1922, reports that ''no satisfactory method of controlling the die- 
back of raspberry canes due to Didymella applanaia has yet been devised. 
The results of experiments at "Wadenswil with Bordeaux and liine-sulpluir 
were all negative. 

In Holland, spur blight was reported by Kartliaus (21) in 1927. This 
writer found that the Didymella perithecia contained paraphyses only in 
immature fructifications. He suggests that this apparent absence of para- 
physes has probably led to confusion between Didymella applanaia and 
Myeospliaerella nibina (Pk.) Jacz. Karthans observed a Flionia sp. on 
spur-blight lesions in August and also obtained it in culture. He thought 
the death of buds on infected canes was probably due to D. applanaia, 
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though no actual connection was traced. Coniothyrium fuckelii (Sacc.) 
also was found closely associated with spnr-blight perithecia. 

In Germany, Didymelld applanata is apparently widespread and causes 
a great deal of damage. It has been reported there by Rabbas (36), 
Theissen and Sydow (47), Pape (32, 33), Hostermann and Noack (18), 
Kirchner (23, p. 605), Schlodder (44), Rosenthal-Rotha (39), Sehaffnit and 
Liistner (42), and Burehard (4). 

Burchard (4) , in 1929, described the life history and symptoms of Didy- 
mella applamta. He described the ascospores as measuring 6 by 3 jj. The 
conidiospores which, he states, belong to a species of Phoma were described 
as being uniseptate, 4 to 5 (j in diameter, and discharged in long tendrils. 
He also states that pure cultures from the ascospores and pycnospores 
agreed in their mycelial characters. These spore forms do not agree in 
description or size with those of other investigators and the writer. The 
imperfect stage which he describes is certainly quite different from the 
species of Phoma usually described as belonging to D. applanaia. 

In Norway Didymella applanaid has been reported by Gram and Rost- 
rup (12, 13, 14), Gram and Thomsen (15), Ravn (37), and J0rstad (20). 

In Denmark, it has been reported by Weber (48) and Jorgensen and 
Weber (19) . The latter isolated Didymella applanaia in pure culture and 
found the imperfect form to be a Phoma sp. These investigators agreed 
with Karthaus in considering that D. applanaia and Mycosphaerella 
ruhina are identical. They supposed that the apparent absence of para- 
physes in the latter was apparently due to an oversight. Coniothyrium 
fuckelii was found in association with D. applanaia on diseased canes. 

They considered the most important source of infection to be the 
conidial (Phoma) stage of D. applanaia. It was observed that many buds 
were killed during the winter months and numerous flowering and fruiting 
canes and shoots were weakened or withered prematurely. They found 
that the mycelium appeared to be confined to the cortex of the young shoots 
and that it was always intercellular. 

ECOJSrOMIC IMPORTANCE 

In Europe, Didymella applanaia is held responsible for a great deal of 
damage to raspberries. In England, Wormald (50) reports considerable 
injury to the canes. In Germany, Hostermann and Noack (18) state that 
the die-back of raspberry canes caused by D. applanaia is constantly in- 
creasing in severity and a particularly virulent form of the disease result- 
ing in the production of witches’ brooms on the canes has been observed in 
some parts of Central Germany. Eabbas (36) reports that in 1921 over 
70 per cent of the raspberry crop of an extensive plantation in Anhalt w^as 
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Fig. 1. A. CutLbert eaue fxee from spur bliglit in August. B, C, and B. Cutlxbert 
canes infected with spur blight, showing the dark, discolored 
lesions surrounding the nodes. 
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destroyed by cane bligbt, due to D. applanata. In Hollandj Karthaus 
(21) states tliat tlie death of the buds on the canes is probably due to 
D. applanata^ though no actual connection was traced. In Denmark^ Gram 
and Rostrup (13) state that raspberries were injuriously attacked by 
D. applanata on excessively nitrogenous soils in Fiinen. Weber (48) 
reports that often the buds around which the infection occurs drop off. On 
the other hand, the buds may open but soon wither. It often happens that 
a badly infected raspberry plantation may appear perfectly sound when 
given a hasty examination in the early summer. There is every appear- 
ance of a good crop, but in ripening the fruits dry up and are useless, 

Nieholls (28) reports that spur blight is one of the most destructive 
diseases in Tasmania. 

Until recently spur blight has not been considered to be of economic 
importance in Ontario. However, it has become increasingly prevalent of 
late in the Niagara Peninsula, where it has been causing considerable dam- 
age, especially by way of bud injury. H. N. Racieot states in a letter to this 
laboratory that spur blight was very injurious in Quebec in 1926. In a 
number of plantations near Montreal, reduction in yield was 50 to 90 per 
cent. 

SYMPTOMS 

In Ontario, spur blight has been observed on young raspberry canes as 
early as June 25. Early infections are indicated by brown to dark or 
violet-brown discolored areas, the depth of color depending on the amount 
of surface bloom, which is not the same in all varieties. The discolored 
areas are to be found in most instances on the lower halves of young canes. 
They usually appear first at a node directly below the point of attachment 
of the leaves. Occasionally the discolored areas originate in other portions, 
such as the internode regions, on the buds, on the leaf petioles, and on the 
main veins of the leaves themselves. 

The whole area surrounding the growing buds at infected nodal regions 
turns brown. (Pig- 1, B, C, and D.). The development of the buds in 
such regions is interfered with and by autumn they are either dwarfed to 
a considerable extent or, in many cases, by that time, they may have 
shriveled and dried up. (Pig. 2, A, 2.) When infected buds are not 
killed outright during the fall and winter, as frequently occurs (Pig. 3, B), 
they are so dwarfed and weakened that the following spring they are able 
to send forth only small, weak spurs which may come into leaf but which 
rarely reach the blossom stage (Pig. 2, D). The leaves on such diseased 
spurs are chlorotic and they exist in this condition for a few weeks and 
then usually die. In such cases the leaflets drop off, leaving the dried-up 
petiole attached to the cane. Often after the death of the main bud at the 
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Pig. 2. A. (1) Normal Herbert eane in August. (2) Cane infected with spur 
blight, showing the dark brown epidermis, which is cracked, and the nodes where the 
buds became infected and dropped off. B. (1) Normal Herbert cane in May. (2) 
Cane infected with spur blight, showing the split cortex, the node where the infected 
bud has dropped off, and numerous perithecia of Didymella ayylanaia on the gray sur- 
face of the cane. G. Portion of (2) B, magnified to show the abundance of perithecia 
on -the surface and the splitting of the cortex. D. Bruiting cane of the Brighton vari- 
ety in the latter part of May, showing an infected node from which is growing a typi- 
eally dwarfed spur from an infected bud. Note the split cortex and the pBrithecia 
surrounding the node. 
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Pia. 3. A. Two Herbert canes inoculated in three places, 1, 2, and 3, one montli 
previously with spur blight, showing the characteristic dark brown lesions. B. Fruiting 
cane of Cuthbert variety in May, showing a portion of the cane infected with spur blight. 
Within the infected area all the buds have been killed and the epidermis and cortex of 
the cane are cracked. C. Photomicrograph of Leptosphaeria coniothyrium,^ the perfect 
stage of the ConiotJiyrium sp., eommonly associated with the spur-blight perithecia. 
X 310. D. (1) Pycnospores of Phoma sp., the pyenidial form of Vidymella applanata. 
x6O0. (2) Pycnospores of Condothyrium sp., eommonly found associated with the spur- 

blight perithecia. x 600. E. Erskine Park leaf inoeulated with Phoma sp. Infection 
of the top leaflet has resulted in its death and the dark petiole shows that infection has 
traveled downward. F. Petiole of infected leaflet in E, magnifled to show that infec- 
tion proceeded down the petiole towards the other leaflets. 
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node, tlie tiny auxiliary loud immediately below develops a weak fruit spur 
wliieli is never so large or liealtby as the normal one. The final result of 
spur-blight infection is a cane with few or no fruit spurs for about the first 
24 inches above the ground and, hence, with only the portions above this 
producing berries. 

In many instances the infection of the nodal region can be traced to an 
infection of the petiole (Fig. 3, E and F), which has spread towards its 
base and invaded the tissue in the region of the bud. From the nodes the 
brownish discolorations spread to the internodes, and by the middle of 
August in many cases all of the lower portion of the cane is violet-brown 
(Fig. 2, A, 2). In some cases cane laterals are killed by the fungus early 
in their development. 

If the diseased portions on the canes are carefully examined during 
August, especially after a wet period, small, scattered, brown pycnidia will 
be observed partially concealed by the discolored epidermis. 

Invariably by the latter part of the season and very often much earlier 
the cortex of diseased canes splits longitudinally (Figs. 1, D; and 2, B2, 
C and D), after which the canes dry out and become very brittle. About 
the middle of September the brown discolored areas begin to take on a gray- 
ish aspect and by the first of November are quite gray (Fig. 2, B2) . Simul- 
taneously with this color change, numerous black pustules appear, breaking 
through the grayish epidermis. These are chiefly immature Didymella 
peritheeia with often a few Phoma pycnidia intermingled. These black 
pustules gradually become more prominent during the winter months and, 
by April, are conspicuous against the grayish background of the cane. 
(Fig. 2, B2 and C.) 

OBJECTS OF THE INVESTIGATION 

So little has been recorded concerning the habits of the spur-blight fun- 
gus that a wide field remained open for investigation. The objects of these 
investigations were to study (1) the life history, (2) cultural character- 
istics, (3) spore production and dissemination, (4) pathogenicity of the 
causal organism, (5) pathological histology of the host, and (6) eontrol 
measures. 

TAXONOMY 

Spur blight in Ontario is caused by an asconiycetous fungus, wliicli is 
referred to BidymeUa applanaia (NiessI) Sacc. for the reasons discussed 
ill the followuiig paragraphs. This species ivas first described by NiessI 
(29) in 1875 as Didymos 2 :)kaeria applanaia. Saecardo (40) transferred 
it to Didymella in 1882. Apparently some difference of opinion has arisen 
regarding the true relationship of the genus Didymella. Lindau, in Engler 
and Prantl (24, p. 431), assigns Didymella to the order Sphaeriales and 
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family Mycospliaerellaeeae, while Gaumann (11, p. 221), on the other hand, 
follows Petrak (35) in assigning it to the family Psendosphaeriaeeae of the 
Myriangiales. 

In America, the spiir-blight fungns usnall^^ has been referred to 
Mycospliaerella ri/hma. It -was first described by Peck (34) in 1894 as 
Sphaerella ruiina and later was transferred to Mycosphaerella by Jac- 
xewski, according to Stevens (45, p. 172). Since that time the spiir- 
blight organism has been known by this generic name throngh out America. 
Evidence presented in this paper, however, supports the view that the 
causal organism has been incorrectly assigned. 

During the course of the early investigations, examinations of perithecia 
from local specimens of spur blight disclosed what appeared to be para- 
physes. Since the taxonomic position of the fungns depended on the 
presence or absence of paraphyses, this feature was carefully investigated. 
Sections of perithecia from specimens collected from various localities in 
Ontario definitely established the presence of paraphyses. Figure 4, D, is 
a photomicrograph of a section of a perithecium from local material. It 
shows the paraphyses extending beyond the tops of the asci. 

Through the kindness of Dr. H. D. House, curator of the Ne^v York 
State Herbarium, specimens were procured of the collections of spur blight 
made at Menands in 1894 from which Peck described Sphaerella ruhina. 
Figure 5, D, is a photomicrograph of a section of a perithecium from this 
material and reveals the same characteristic paraphyses. All specimens 
of spur blight collected from Ontario, as well as the original type specimen 
of S. Tiibina;, appeared to agree perfectly with the description of Didymella 
ap2)lanafa. Comparison of Ontario collections of spur blight with a speci- 
men of D. applanata from Germany (S3UI0W, M^^c. Germ. 585) revealed no 
essential difference. 

Dr. Harris, of East Mailing Station, England, kindly furnished us with 
a culture of Didymella applanaia grown on carrot agar and also with a 
number of infected canes. The infected canes appeared quite similar to 
our own vspeeimens commonly attributed to Mycosphaerella riiMma. A 
transfer from the English culture of D, applanaia and one from a Canadian 
culture of the spur-blight organism were grown for comparison on the same 
medium and under identical conditions. After 14 da^^s each culture had a 
white margin and the same characteristic olivaceous center and the two 
could not be distinguished. Both cultures developed later the same 
imperfect form, namelj', Phoma sp. 

For comparison of host symptoms, 20 inoculations were made b^’ insert- 
ing bits of mycelium and spores beneath the epidermis. Ten of these were 
made from the English culture of Didymella applanata and 10 from a cul- 
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Pi&. 4. A. Cross seetion of a petiole of a Guthbert leaf infected witli spur bliglit, 
showing myeelium tlironghout the cortical tissue, x 70. B. Cross section of a typical 
infected Herbert bud sectioned in the spring. The outer layers are killed completely 
and show the presence of niYceliuin. The layers beneath these show a partial killing of 
each unit. This type of infection frequently results in dwarfed fruit simrs. x 80. 
€. Long section of cortex of young cane, showing the habit of the inycelium in this tis- 
sue, x 750. D. Photomicrograph of a section of a perithecium of Bidy meXla appXmata, 
showing paraphyses, the blunt ends of which may be observed towards the ostiole. Sec- 
tion from a diseased cane collected at Port Balhousie. xl50. E. (1) Cuthbert cane 
inoenlated 22 days previously with a culture of Didymella applanata (local isolation), 
showing the typical broAvn lesion 'which developed. (2) Cuthbert cane inoculated 22 
days pre'nously with a culture of Didymella applanata (English culture) of the same 
age as the culture used in (1). iN'ote the similarity of the brow'n lesions produced. 
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Eig. 5. A. Leaf of Herbert variety, sliOAving natural infection by spur bliglit in 
each leaflet. Note the angular shape of the infected areas all of Avhich originated on 
the main veins of the leaflets. B. Leaflet of Erskine Park variety which was injnrea 
and inoculated Avith Coniothyrium sp. Note the similarity of the necrotic area to that 
produced in C. C. Leaflet of Cuthbert variety which had been inoculated 24 days pre- 
Auously with a suspension of Phoma pyenospores. It Avill be observed that infection! 
here also originated on the main vein. D. Photomicrograph of a section of a peri- 
theeium of Didymella applanata. This section was cut from material obtained from 
the New York State Museum and was part of the original type collection from Avhich 
the spur -blight fungus Avas first described by Peck in 1894 as SpJiaerella rul)ina. Para- 
physes will be observed in this section extending beyond the tops of the asci. These 
were overlooked in the original description of J^ycosplidSTBllci Tiibiuo,. x 340. 
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tiire of oiir own spur-bliglit fungus. In all cases infection occurred, and 
those inoculated with our so-called Myeosphae7''ella mhiiia developed symp- 
toms identical with those inoculated with D. applanata. 

The result of this study strongly suggests that the causal organism of 
spur blight is the same on both continents and that the name 3Iycosphas- 
Telia riibinaj which has been used exclusively for this organism in iVmerica, 
should be considered a synonym of Didymella ap'planata. The following 
is a summary of the evidence bearing on the identity of the two nanies. 

1. Sections of perithecial material of the spur-blight fungus collected 
from various localities in Ontario revealed the presence of paraphyses. 

2. Sections of perithecia belonging to the original material from which 
Sphaerella n/hma was described by Peck proved the presence of the same 
characteristic paraphyses. These were apparently overlooked in the orig- 
inal description. 

3. A culture of Didyinella applanata from England developed the same 
characteristic Phoma pj^'cnidia as our cultures of Mycos 2 )haerella rubina. 
After 14 da^^s, cultures of D. applanata from England and of M. niMna 
from Ontario were identical morphologically. 

4. Inoculations of young canes with D. applanata from England and 
with M. rubma from Ontario made on the same date produced identical 
spur-blight symptoms. 

5. A survey of the literature shows that, while both names have been 
applied to the causal organism of a similar disease, M. ruhina has been 
limited in distribution to North America, while D. ap2^lanata has been 
reported from Europe and elsewhere but never from America. 

Sneeessfnl inoculations of Didymella applanata have been carried out 
on young raspberry canes by using ascospore suspensions. The aseospores 
mature in May and June in Ontario and evidence points to the fact that 
they furnish the chief primary inoculum for the disease. In addition to 
possessing a perithecial stage, it has been definitely established that this 
fungus develops an imperfect stage of the Phoma type. Young canes whieh 
were inoculated with aseospores from cultures, of D. apjdanata developed 
Phoma pycnidia during the summer on the resultant lesions. During the 
following winter the fungus completed its life cycle by developing Didy- 
mella perithecia on the same lesions, which during the summer had devel- 
oped Phoma pycnidia. Monascospore cultures of D. applanata always 
develop Phoma pycnidia and the ability of these pyenospores to produce 
infection has been repeatedly demonstrated by inoculation. This Phoma sp., 
which matures its spores in July and August, is responsible for secondary 
infections appearing late in the summer. These are frequently quite 
marked during a wet season. 
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LIFE HISTORY STUDIES - 

Investigations concerning the life history of the fungus were begun 
with the hope of obtaining information concerning (1) the characters of 
the perfect stage, especially a description of the perithecia, asci, and aseo- 
spores, and (2) the identity and description of the imperfect stage. 

Canes infected with spur blight were collected from the Vineland, Port 
Dalhousie, St. Catharines, and Georgian Bay districts, Material from 
these localities was collected and examined for three successive summers 
commencing in 1927. Individual perithecia were macerated and examined 
in an unstained condition or were stained with a drop of alcoholic eosin^ 
allowed to run under the cover slip. Representative samples of material 
also were embedded in paraffin, sectioned 5 and 10 microns in thickness, 
and mounted permanently. For staining sections, Delafield’s haematoxylin 
and eosin were employed throughout the early part of the Avork and, later, 
Pianese 3b was found to be very satisfactory. 

Perithecial stage. — Didymella applanaia was observed to be constantly 
associated Avith the infected material. The perithecia often disclose a con- 
spicuous circular ostiolum which is in the center and of lighter color than 
the surrounding area. When the perithecia are crushed under a cover 
slip the asci emerge in clusters united at the base, like bunches of bananas. 
These can be separated only AAuth difficulty. Mature spores may be found 
in abundance by May 15, in Ontario. During the month of April the 
perithecia contain asci AAdiich are for the most part without mature spores, 
though mature ascospores Avere found as early as April 9. The perithecia 
and ascospores examined by the writer correspond in detail Avith Saccardo^s 
(40) description of D. ap 2 ^lanata (Niessl) Saee., of AAffiich the following is 
a translation : 

Didymella aiwlanata (Niessl) Sacc. Didy^nospJiaeria applanaia Niessl, 
Neue Kernp., p. 129. Perithecia commonly gregarious, sometimes forming 
extended patches, submembranous, obscurely papillate, subglobose or de- 
pressed, at first covered by the epidermis, becoming superficial when the 
epidermis falls aAvay, black; asci cylindrical or cylindrieal-clavate, sub- 
sessile, 60-70 p long X 10-12 p wide ; spores eight, biseriate, rarel^^ uniseriate, 
oboAmte to oblong, uniseptate, constrictecl at the middle, upper cell larger 
than the loAver, hyaline, 16x5.6p; paraphyses filiform, extending beyond 
the tops of the asci, simple. Habitat — on canes of dying Buius idaeus, 
ShreAA^sbury, England (PloAAmight). 

In table 1 measurements of perithecia, asci, and ascospores of Didy- 
mella a]) 2 ^lanata are given. 
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TABLE 1 . — Summary of the measurements of fifty perithecia, asoi, and ascospores of 

Didymella applanata 


Raiiffe in microns 

Mean size in microns 

1 

Perithecia 

(diameter.) 

165-220 

195 

Asei 

61) -130.1x10 -13.2 

76.8x11.0 

Ascospores 

14- 20.2 X 5.5- 9.1 1 

16.5 X 9.1 


ISOLATIONS PROM TIIE PERITHECIAL STAGE 


Using material from the same scattered localities, indicated in the last 
section, a large number of isolations were made from the perithecial stage 
of Didymella applanata. Aseospore suspensions were made by macerating 
in sterile water from one to many peritheeia obtained either from the same 
or from several infected canes. Cultures were grown on 2 per cent potato- 
dextrose agar and, where monosporous cultures were isolated, the method 
described by Keitt (22) was utilized. 

In all, 156 isolations were made from peritheeia. Of these, 68 Avere 
monaseospore cultures. One hundred and fifty-three of these eirltures de- 
veloped a fruiting pycnidium of the Phoma type. Three cultures developed 
Coniothyrium pycnidia, but in no case were these derived from a monaseo- 
spore culture. They resulted from pouring plates of what were supposed 
to be macerations of Didymella peritheeia. It will be shown later that this 
ConiotMjnum sp. belongs genetically to a fungus distinct from Didymella 
a2yplanata. 


Pycnidial stage . — In Europe a species of Phoma has been reported to 
be the imperfect stage of the spur-blight fungus Didymella applanata (21, 
43) . In America, however, spur blight has been attributed to Mycospihae- 
relU rulina and the imperfect stage has been attributed both to Phoma sp. 
and to Coniothyrium sp. (45). No worker has completed the life cycle of 
the fungus on artificially infected canes and it was with this object in view 
that the Avriter undertook the following experiments. 


Five Herbert and 3 Count plants Avere inoculated on July 16, 1928, with 
cultures originating from ascospores of Didymella applanata. On the same 
date 2 Adams 87 and 2 Erskine Park plants were inoculated with cultures 

of the ConiotJiyrhmi sp. 

AU canes developed typical brown spur-blight lesions. By September 
15 aU those canes inoculated with Didymella applanata disclosed the pres- 
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ence of Phoiiia pycnidia on the lesions produced. On the same date all 
canes inoculated with Coniothyrium cultures revealed the presence of Conio- 
thyrium pycnidia on their lesions. During the winter months the brown 
discolored areas on the canes inoculated with Phoma sp. turned gray, and 
black perithecia became gradually more prominent. On examination these 
yielded only immature asei. On April 16 the writer was able to detect 
mature ascospores of Didymella applanata on a Herbert cane. One month 
later mature perithecia containing ascospores were found in abundance. 

On the other hand, the canes inoculated with Comoihyrium sp. remained 
the same brown color during the winter months. Examination on various 
dates during the winter yielded Coniothyrium pycnidia only. On April 16, 
when the canes inoculated with Phoma cultures disclosed mature ascospores 
belonging to Didymella applanata^ these canes still disclosed only Conio- 
thyrium pycnidia with no signs of any change. 

Thus the formation of perithecia belonging to Didymella applanata 
where Phoma pycnidia had developed during the previous summer as the 
result of inoculations with ascospore cultures of Didymella applanata 
definitely proved the genetic connection of Phoma sp. to Didymella ap- 
planata. The negative evidence obtained with Coniothyrium sp. under 
parallel conditions strongly suggested that it did not belong genetically to 
Didymella applanata. It remained, however, for the subsequent summer’s 
work to establish the true genetic connection of the Coniothyrium sp. 

A number of diseased raspberry canes were sent to the laboratory, 
examined by the writer on August 19, 1929, and found to contain along 
with spur-blight perithecia, mature perithecia belonging to Leptosphaeria 
coniothyrium (Pel.) Sacc. Monascospore cultures of this fungus were made 
and these developed pycnidia 35 days later that belonged to the same species 
of Coniothyrium which has been suggested as belonging to the spur-blight 
fungus. Ten inoculations were then made on 10 Cuthbert plants. Sixteen 
days later examination of these canes revealed brown lesions similar in ap- 
pearance to those caused by the Coniothyrium sp. which had been isolated 
in close association with the spur-blight perithecia. Close examination of 
these lesions disclosed the presence of Coniothyrium pycnidia similar in 
every way to those associated with spur-blight perithecia. 

Summing up the foregoing evidence, w^e find definite proof of the genetic 
connection of Phoma sp. and Didy^nella applanata; also proof that the 
Coniothyrium sp. commonly found associated with spur-blight perithecia is 
the imperfect stage of Leptosphaeria coniothyrium. 

Since the above evidence was obtained, numerous examinations have 
been made in the spring of canes which had been inoculated with Phoma sp. 
the previous summer, and in almost every case perithecia belonging to 
Didymella applanata were observed. 



262 PHYTO|‘ATHOLOGy [VoL. 21 

i;- 

The following is a descriplion.iof the stage of Didymella ap- 

planata as obtained from diifermT host varietms. 

Pycnidia separate, smooth-^ pycnospores'^orne singly, unappeiidaged ; 
pyenidia free in the substratum, not beaked and opening by an ostiole; 
somewhat sunken in the substratum, at first tovered, becoming erimipent at 
maturity; conidiophores simplef Spores Jxyaline to light green in color, 
mostly two-guttulate and varying in shape from elliptical to oval. 

Isolations from f/i& pycnidial stage , — Monosporous cultures were made 
of Phoma pycnospores, employing the same methods as were used for the 
ascospores. These were made both from Phoma pyenidia in cultures which 
originated from ascospores and from pycnidia which developed on infected 
canes during the latter part of July and in August. In every case, cultures 
developed which were similar in every respect to those developed from asco- 
spores, and Phoma pycnidia usually developed in these cultures after 
variable lengths of time. 

Table 2 below gives measurements of Phoma sp. pycnidia and spores 
growing on various substrata. 


TABLE 2. — Measureinents of pyc7iidia and spores of Phoma sp., the imperfect stage of 

Didymella applanata 


Pyenidia 

1 ^ 0 . measured 

I Source 

Size range in microns 

Mean size in microns 

25 

Naturally 

infected 

147-268 X 105-231 

208 x187 


canes 



25 

2 per cent 
potato-dex- 
trose agar 

114-170 X 80-144 

143 X 118 


Pycnospores 


60 

Naturally 

infected 

canes 

5.0-11.2 X 1.75-3.8 

7.1 X 2J 

50 

Naturally 

infected 

leaves 

5.3- 8.0 X 3. 0-3-8 

6.6 X 3.3 

50 

2 per cent 
potato-dex- 
trose agar 

3.5- 8.4 X 1.5-3. 6 

5.5 X 2.3 
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The measurements in table 2 indicate a marked vaiuability in the size of 
pYcnidia and pycnospores that have developed under different conditions. 
Neither pycnidia nor pycnospores of the fungus became so large when 
grown on artificial media as when developed on the host, itself. Pycno- 
spores on the leaves were also observed to be consistently smaller than on 
the canes proper. 

CULTURAL STUDIES 

Since the Phoma stage is the actively parasitic one throughout most of 
the growing season, its growth reaction in pure culture to various tempera- 
tures and to different culture media was studied. The following nutrient 
solutions in two per cent agar were used: Potato dextrose, prune, oatmeal, 
malt extract, raspberry decoction, and Pf efforts and Duggar’s synthetic 
media. Cultures were grown at the following temperatures: 2-5° C-; 
■8-11° C.; 23-24° C.; 27-28° C. ; 30-31° C. 

The relative growth rates at the various temperatures on the different 
media are shown in figures 6 and 7, where the maximum diameter of the cul- 
ture in each ease has been plotted against the length of the growth period 
in days. Growth occurred through the unusually wide temperature range 
of 2-28° C. The lowest temperature (2-5° C.) was evidently below the 
optimum, while the highest temperature (27-28° C.) was above it. At the 
other two temperatures (8-11° C. and 23-24° C.) growth was rapid and 
ivell maintained, the increment being smaller but more consistently main- 
tained at the lower one. It seems probable from these results that tem- 
perature will not prove a limiting factor to the development of the disease. 

The results indicate also a marked adaptability on the part of the fungus 
to a wide range of nutrients. The growth response to the various media, 
as indicated by the types of growth which resulted, was more varied, how- 
ever, than might be suggested by the graphs. The most luxuriant growth 
and the most abundant sporulation occurred on potato-dextrose agar. An 
abundance of pycnidia also formed on oatmeal agar. The color of the 
cultures varied considerably on the different media but for the most part 
it was a golden brown after one week’s growffh. After three weeks most 
cultures were gray or a brownish-gray. Zonation frequently occurred in 
the cultures and appeared to be more closely related to the medium than 
to the temperature, though the influence of light in this connection was not 
cheeked. At 27-28° C. and at 30-31° C., cultures were slimy in appear- 
ance on all media. Subsurface mycelial growth was substituted for the 
aerial mycelium which occurred at other temperatures. 

Pycnospores of Phoma sp. were found to germinate in sterile distilled 
w^ater in 18 hours at 23-24° C., and in 48 hours at 8-9° C. 



a/ C 



Fig. 6. Graphs showing growth rates of Phoma sp. grown, (A) on potato -dextrose 
agar at 2-5°, 23-24°, and 27-28°. (B) on prune-juiee agar at 8-11°, 23-24°, 

and 27-28°. (0) on Duggar^s synthetic agar at 2-5°, 8-11°, 23-24°, and 27-28°. 
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It would seem from the cultural studies conducted on various media that 
tile fungus is able to thrive in the presence of starch or dextrose oi both. 
The fact that the fungus thrives throughout a wide temperature range and 
on a wide range of nutrients may well account in part for its universal 
distribution. 


PRODUCTION AND DISSEMINATION OF SPORES 


Ascospores . — Since ascospores appear to be the important inoculnm for 
initiating primary infection under Ontario conditions, an attempt was made 
to determine the time of their production and the conditions under which 
they are disseminated. 



Pig. 8 . Spore traps utilized in aseospore-diaeliarge experiments. A. An ordinary 
latli on whieli were retained hy taeks the vaselined slides. B. Rectangle inside of wliieli 
five vaselined slides rested on a projeetion. The peritliecial material was placed below 
the slides. 


To study aseospore discharge, simple spore traps of two kinds were used. 
These are illustrated in figure 8, which gives the essentials of their eonstrue- 
tion. The first type consisted of an ordinary lath, on the side of which five 
glass slides lightly smeared with vaseline w^ere held in position by means of 
tacks. "When renewed after a shower the vaselined slides were pushed from 
beneath the tacks and fresh ones tvere put in their places. Five of these 
traps w^ere stationed in different parts of a diseased plantation at Port 
Balhousie. In all eases the pointed end of the lath was pushed into the 
ground alongside an infected cane and the lath was then tied to the cane 
in such a -way that the vaselined surfaces of the slides remained about 
^ to i inch distant from the perithecia on the diseased lesions. 
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The other type of spore trap consisted of a shallow open rectangle, 10 
inches long hy 3 inches wide. This rectangle was laid down flat and five 
glass slides were placed inside resting on tiny shoulders which ran length- 
wise inside the rectangle. Infected canes, showing numerous peritheeia, 
were then placed underneath the glass slides in such a position that they 
remained on the ground and J to J inch below' the vaselined surfaces of the 
slides. Five traps of this type were stationed alongside the laboratory 
greenhouse and careful records of the spore discharge were made every few 
days. These traps were isolated from any plantation infected with spur 
blight in order to obtain an idea of what happens w'hen growers cut in- 
fected canes in the autumn or winter and allow' them to remain in heaps 
instead of burning them. More complete results were obtained from the 
traps stationed near the laboratory than from those in the plantation and 
the former are plotted in figure 9. 



Fig. 9. Graph showing the relation of maximum tempera tures, sunshine^ and rainfall to 
the period and amount of ascospore disehargej as well as the 
dates of spray application. 
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Tile Yaselined slides were examined as soon as possible after every rain 
and replaced by fresh ones. The results of these examinations are recorded 
below in table 3. In order to represent the results gTaphicall 3 " in compar- 
ison with meteorological data, frequency classes were arbitrarily designated 
in the following way: Up to 2 spores per low-power field of the microscope 
(16 mm. objective and lOX eyepiece) were designated as ''very light’ '; 
3 to 5 spores, "light”; 6 to 10 spores, "light heavy”; 11 to 25 spores, 
"heav 3 ",” and 26 spores and up, "very heavjL” 


TABLE 3 . — Numher of ascos 2 )ores of Didymella applanata on exposed slides 


Date Df 
rainfall 

No. of slides 
examined 

[ No. of fields 

1 counted 

Average spore 
frequency 

Location of 
trap 

May 7/29 

20 

1 40 

0.8 

Ijab. lawn 

u 7 

20 

40 

1.1 

Plant" 

11 

20 

40 

1.4 

Lai), lawn 

‘0 12 

20 

60 

1.0 

Lab. lawn 

i i 12 

20 

40 

1.8 

Plant" 

14 

20 

60 

2.1 

Lab. lawn 

14 

IS 

i 36 

3.2 

Plant" 

19 

20 

! 50 

2.0 

Lab. lawn 

19 

18 

36 

3.6 

Plant" 

e ( 24 

20 

50 

4.8 

Lab. lawn 

' ^ 24 

18 

36 

3.9 

Plant" 

28 

24 

48 

2.6 

Lab. lawn 

30 1 

24 

48 

5.6 

Lab. lawn 

'' 30 i 

1 

18 

36 

8.6 

Plant" 

June 5 ! 

24 

48 

8.2 

Lab. lawn 

< f ^ 1 

1 

24 

48 

1.6 

Lab. lawn 

7 1 

IS 

36 

6.2 

Plant" 

f t 12 1 

18 

36 

8.8 

Lab. lawn 

" ' 14 1 

IS 

^ 36 

19.8 

Lai), lawn 

14 

16 1 

32 

22.6 

Plant»‘ 

19 

IS 1 

36 

6.9 

Lai), lawn 

25 

18 j 

36 i 

9.2 

IjmI). la wn 

25 

16 

32 

12.8 

Plant" 

26 

18 

36 

18.1 

La,b. lawn 

26 

16 

32 

21.1 

Plant" 

* ^ 27 

IS 

36 

41. S 

Ijab. lawn 

'' 28 

16 

32 

63.0 

Lab. lawn 

“ 28 

16 

32 

82.5 

Plant" 

July 2 

16 

32 

3.2 

Lab. lawn 

S { 2 

16 

32 

1.7 

Plant" 

4 

20 

49 

4.2 

Lab. lawn 

5 

20 

40 

2.2 

Lab. lawn 

5 

( C ^ 

20 

40 

2.8 

Plant" 

i 

20 

20 

1.3 

Lab. lawn 

tc Y 

20 

40 

1.7 

Plant" 
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Standard meteorological records were available at the laboratory during 
the period of experimentation and comparisons of the results with the 
various meteorological data were made. Figure 9 shows the relation of 
various environmental factors to ascospore discharge and indicates the time 
at which the spray applications, which will be discussed later, were made. 

Judging from the spores caught on the exposed slides, ascospore dis- 
charge began on a limited scale early in May, rose gradually to a maximum 
which was maintained throughout the latter half of June, and dropped 
very sharply to relatively insignificant amounts at the beginning of July. 

The one environmental factor which appears from figure 9 to be defi- 
nitely correlated with ascospore discharge is moisture. It seems safe to 
conclude that active discharge will occur only when saturated conditions 
obtain. 

No single environmental factor and no obvious combination of them 
seem to account for the curve of ascospore discharge. In the early part of 
the season the limiting factor probably is maturity of the ascospores, and 
it seems likely that temperature and moisture most significantly influence 
maturity. After the bulk of the spores are mature, moisture in its influ- 
ence on spore discharge probably assumes paramount importance. 

Pycnospores . — The date of the first seasonal appearance of the Phoma 
stage is quite variable, apparently depending chiefly on moisture. In a 
wet season, such as the summer of 1928, it appeared earlier and was also 
much more abundant than in a dry season, such as the midsummer of 1929. 
It also has been observed on numerous occasions that it is much more 
abundant on infected canes in wide rows than in plantations where the 
rows are narrow or of the hill arrangement. This is probably again a 
moisture relation. 

Pycnidia continue to appear on these lesions during the subsequent 
winter and spring. The Phoma pycnidia cannot be distinguished macro- 
scopically from the Didymella perithecia and are very often intermingled 
with them. During the spring rains the pycnidia are frequently dissemi- 
nated simultaneously with the ascospores. On the vaselined slides in the 
spore traps they occasionally appeared in considerable numbers. Such 
being the case, they must be considered as playing a small part at least in 
primary infection in the spring. That they are capable of causing infec- 
tion has, of course, been proved many times. (See Infection Studies.) 

INFECTION CAPABILITIES OP D. APPLANATA AND PHOMA SP. 

'On canes and huds . — ^Various infection experiments were conducted 
with a view to studying the pathogenicity of the spur-blight fungus. Since 
it is generally supposed that spur-blight in the spring is initiated by asco- 
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spores, attempts were made to prove their pathogenicity. Experiments 
were also eondncted to ascertain what portions of the plant are susceptible 
to inf ection. 

A summary of the results of the ascospore-inocnlation experiments are 
presented below in table 4. Ascospore suspensions were used as inoculum 
except in those eases where it is indicated that bits of infective material 
were directly inserted into wounds. These experiments were all carried 
out shortly after a rain when the relative humidity was high and when the 
canes were wet. 

In table 5 the results of the inoculation experiments on various portions 
of the plants are given. As usual, all inoculations were carried out on 
young canes except those on fruit spurs, which were made on fruiting canes. 
Cheeks were made for all infection experiments. These were always carried 
out in the same way as the inoculations except that no inoculum was ap- 
plied. Inoculations of the fruit spurs reported in table 5 were made by 
inserting a bit of mycelium and spores beneath the epidermis. These were 


TABLE 4 . — Summary of ilie results of inoculations of young rasplerry canes nnih sus- 
pensions of ascospores of Didymella applanata 


. Yariety 

Date of 
inoculation 

Method of 
inoculationa 

No. of canes 
inoculated 

Results 

2 weeks later 

Herbert 

June 11/28 

No. 

1 

10 

A definite spur-blight le- 
sion appeared at every 
inoculation point 

Cuthbert ‘ 

June 11/28 

No. 

1 

10 

( c 

Herbert 

June 20/28 

No. 

2 

10 

Nine canes showed one 
or more brown lesions 

Cuthbert ! 

June 20/28 

No. 

2 

10 

Eight canes showed one 
or more brown lesions 

Herbert.... 

June 25/28 

No. 

3 

10 

Every inoculation show^ed 
definite spur-blight 
symptoms 

Cuthbert 

May 31/29 

No. 

2 

15 

Twelve canes showed one 
or more brown lesions 


a Methods of inoGulation: 

No. 1: Each cane was wounded to the cortex at a node with a flamed scalpel, 
in two places. Into these wounds ascospore suspensions were painted 
with a eamePs-hair brush. 

No. 2: Ascospore suspensions were atomized on the surface of apparently 
uninjured canes, chiefly at the nodes. 

No. 3: Bits of diseased canes covered with numerous peritheeia were inserted 
into the cortex of healthy canes at a node. Two inoculations were 
made on each cane. 
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made about 2 indies behind the small branched pedicels bearing the fruit. 
The cnltnre used was 32 days old, and contained pyenidia. In the same 
manner a,s the frnit spurs the growing tips were inoculated about 3 inches 
behind the branched tip. This culture was 28 days old and also contained 
pycnidia. Bud inoculations in 1928 were made by inserting Fhoma 
pycnidia between the folded leaves at the extreme tip. In 1929, bud 
inoculations were carried out by painting a suspension of Phoma spores 
on the surface of the buds with a camers-liair brush. All inoculations of 
buds were made when the relative humidity was high a short time after 
a rain. 


TABLE 5. — Summary of the results of inoculations of various portions of raspberry 
plants to determine their susceptibility to Bidymella applanata 


Portion of 
plant 
iiioeulated 

Variety 

Date of 
inoculation 

Eo. of 
inoculations 

Besults 

Emit spurs 

Herbert 

June 30/28 

One on each of 
ten sjjurs 

Ten days later, definite' 
lesions surrounded 
each inoeulation 

p oint. Sixty days 
after, . inoculated 
spurs showed lesions 

2 inches in length 

Growing tips 

Herbert 

July 21/28 

One on each of 
ten tips 

Two weeks later, eight 
inoculated tips were 
dead. Penetration 

through the entire 
stem at that point 
was indicated. The 
rsmaining two 
showed large brown 
areas 

Developing buds 

Seneca 

Aug. 7/28 

50, — 2 buds on 
each of 25 canes 

In ten days the top 
third of all inoeu- 
lated buds were 
brown. In 18 days 
the top halves 'vvere 
brown 

Developing buds 

Cuthbert 

July 16/29 

40, — 2 buds on 
each of 20 canes 

Three weeks later, 2fi 
inoculated buds 
showed brown areas 
either at the tip or 
base 


The results presented in table 4 indicate that spur-blight symptoms can 
be produced by artificially inoculating normal canes with ascospores of 
Bidymella a'pplanaid (Pig. 3, A). The fact that apparently normal, sound 
canes will become infected after ascospores have been painted on their sur- 



272 


Phytopathology 


[VoL. 21 


faces strongly sug’gests that the fungus is capable of penetrating non- 
wounded host tissue. From an examination of table 5 it will be observed 
that the same is true of apparently noninjured buds. This point is dis- 
cussed more fully in connection with leaf -infection studies. Regarding the 
1929 bud inoculations, it was observed that earliest infection appeared any- 
where between the extreme tip and the base of the bud, though infection 
in an intermediate position occurred more rarely. 

The results of inoculations of fruit spurs and the tips of young canes 
proved that these portions of the canes also are susceptible to infection. 
In the case of the growing tips the results were somewhat extreme, owing 
to a continued spell of wet weather subsequent to the inoculations. Never- 
theless, the results indicated that under excessively moist conditions the 
fungus was able to penetrate the stem, including the xylem and pith tissue, 
thereby killing the portions above the point of infection. The cheeks for 
all of the above experiments were healthy at the time the observations were 
made, with the exception of three bud checks in 1928 and one in 1929. The 
Seneca plantation, in which the 1928 inoculations were made, was rather 
badly affected with the disease. 

In addition to the infection experiments described in tables 4 and 5, in 
which Phoma sp. was the inoculum used, numerous inoculations were made 
using Coniothyrium sp. These were carried out because of the close asso- 
ciation and supposed connection of this species with the spur-bliglit fungus. 
The conclusions arrived at as a result of these experiments were as follows: 
Initial symptoms as caused by inoculations with the spur-hlight fungus and 
with ConioiJiyrmm sp. are always identical. In many eases during the 
first summer the symptoms cannot be distinguished morphologically. Dur- 
ing the second season, however, in most cases the canes inoculated with 
Coniothyrium sp. die outright, while those inoculated with Phoma sp. still 
remain alive. In some instances, however, canes inoculated with Conio- 
thyrium sp. died during the season of inoculation. 

On leaves: Methods. — The appearance in the field of Phoma pycnidia 
on necrotic lesions on leaves of canes infected with spur-blight suggested 
that these lesions were caused by the spur-bliglit fungus. Experiments 
were carried out, therefore, to determine whether the Phoma stage of 
Didymella applanata could attack leaves. The later experiments on leaf 
infection were carried on with a view to obtaining further evidence regard- 
ing penetration through sound host tissue. 

early experiments the leaves were injured and inoculated with a 
Phoma culture. The injury was made by puncturing the midrib of a leaf 
with a sterile needle and a hit of mycelium with spores wms inserted into 
the wound. Later, spore suspensions were used and were either atomized 
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iii-jiired leaves (42 days old) (2 inocnlated on upper surfaces^ 

i on ux^per surface 1 inoculated on lower surface) 

4 on lower surface 
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on tlie surface of the leaves or painted on with a camers-hair brush. In 
these experiments, if the leaves were to be injured, needle punctures were 
made in various places. All inoculated plants in 1929 experiments were 
covered with bell jars for approximately 48 hours. Prior to inoculation, 
all leaves were washed with mercuric chloride (1: 1000) and sterile water. 
Checks were made for all experiments in the customary way. In table 6 
will be found a summary of the leaf -infection experiments. 

The experiments outlined in table 6 indicate that leaves are susceptible 
to infection by Bidymella applanaia and that infection may occur either 
through wounds or through noninjured tissue. It was shown aleso that 
both noninjured buds and noninjured canes were artificially infected. This 
evidence, along with the fact that in badly infected plantations two thirds 
■of all the buds on young canes are often infected, strongly suggests that 
Bidymella applanaia is not strictly a wound parasite or that it can take 
advantage of wounds of otherwise negligible proportions. 

Examinations of raspberry leaves of the Cuthbert and Herbert varieties 
indicated that stomata are limited almost entirely to the under surfaces 
of the leaves. Only on two occasions were any stomata found on the upper 
surface and these were situated at the extreme margin of the leaf. In sev- 
eral of the experiments it will be observed that spores were painted on only 
the upper or under surface of the leaves. The percentage of infection in 
both cases was very nearly the same. Therefore the possibility of i)enetra- 
tion through noninjured tissue being limited to stomatal or lenticular open- 
ings is very doubtful. 

It also was observed that in nearly every instance when a noninjured 
leaf became infected some point on a vein proved to be the origin of the 
infection. The incubation period was about 2 weeks and infection became 
apparent when a tiny spherical brown area appeared somewhere on a vein. 
This gradually enlarged, extending more rapidly along the vein than in the 
mesophyll tissue (Fig. 5, A). After the infection became a week old or 
more, according to the w^eather conditions, the area of infection became 
more or less irregular in outline, commonly triangular in shape, with the 
widest portion towurds the margin or tip of the leaf and the angle on the 
main vein of the leaflet pointing towards the petiole (Fig. 5, A), Almost 
invariably an intermediate yellow^ed portion w^as present between the dead 
browm tissue in the center of the infection area and the green healthy tissue 
beyond (Fig. 5, C). 

It is also w^orthy of mention that raspberry leaves wiiicli w*ere inoculated 
■with Coniothy7'mm sp. wm^e found to be susceptible to this fungus (Fig. 
5, B). Heretofore infection by Coniotkyrium sp. has supposedly been lim- 
ited to the canes. 
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VARIETAL SUSCEPTIBILITY STUDIES 

Infection experiments were conducted on as many raspbei'ry varieties as 
possible in the hope of finding some resistant varieties. In addition, crdssr 
inoculations among’ a number of varieties were made to determine whether 
there was any difference in the pathogenicity of the cultures isolated from 
different sources. 

Methods , — These investigations were cohducted over a period of two 
years and were in most cases at least duplicated. The majority of the 
experiments were conducted in Mr. Corcoran’s plantation at Port Dalhousie. 
Inoculations were performed by making a slight abrasion of the cortex with 
a flamed needle and inserting bits of mycelium and spores in the abrasion. 
Usually two or three inoculations were made on each cane. The cultures 
used varied in age from 8 to 33 days and in practically every case con- 
tained Phoma pycnidia. 

When the results of these inoculations were compiled the varieties were 
classed as moderately resistant, susceptible, and highly susceptible. The 
degree of susceptibility was judged on the rate of development of artificially 
produced lesions and the size of the lesion two months after inoculation. 
For instance, the average length of nine lesions on Columbia canes two 


TABLE 7. — InoGulaiion experiments with the imperfect stage of Bidymella applanaia 
to determine narietal susceptibility 


Variety 

No. of 
canes 
inoculated 

Length of incu- 
bation period 
in days 

Reaction 

Adams 101 

4 

8 

Susceptible 

Adams 87 

22 

14 to 21 

f ( 

Brighton 

10 

15 

Highly susceptible 

Columbian 

19 

9 to 14 

Moderately resistant 

Cayuga „ 

22 

14 to 20 

Susceptible 

Cutlibert 

22 

14 to 19 

r 1 

Count 

31 

10 to 16 

c c 

Herbert . 

46 

7 to 10 

Highly susceptihle 

c e ■' i£ 

Idaho 

3 

8 

King 

22 

14 to 20 

Susceptible 

C f ' 

Latham 

10 

16 

Marlboro 

22 

15 to 22 

cc 

Newman 23 

12 

22 

i Moderately resistant 

Owasco 

16 

14 

Susceptible 

Ohta 

6 

14 

1 ( ( 

Seneca 

22 

11 to 19 

\ . - 

St. Eegis 

6 

10 

iff 

Viking 

6 

22 

c c 

Erskine Park 

6 

15 

1 Highly susceptible 

Black Cap (Plum Parmer) 

6 

15 

Moderately resistant 

Wild Black Raspberry 

4 

16 

Ci C ( 

jRulous odoratus 

4 

18 

j Susceptible 

Blackberry 

4 

No infection 

Resistant 
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montlis after inoculation was Ig inches, while the aYerage length of the 
same number on Herbert canes inoculated at the same time was 5^- inches. 
On comparing the prevalence of spur blight in plots of Columbia and 
Herbert varieties adjacent to each other, usually only a few infections were 
present on the Columbia canes, while the majority of Herbert canes would 
have at least one infection and in many cases the lower halves of the canes 
were completely brown. This evidence was always considered along with 
the inoculation results when deciding the susceptibility of a variety. In 
the majority of the experiments a number of isolations were made from the 
brown lesions which developed, in order to compare the fungus in the lesions 
with the original inoculum. 

Discussion.— The cheeks for the above experiments were all noiinal one 
month after the inoculations were made, with the exception of three Herbert 
and one Viking. In these cases brown lesions appeared on portions of the 
eane other than around the points of inocnlation, thereby indicating that 
natural infection had occurred. 

The results, which are summarized in table 7, indicate that all the 
varieties of red raspberries which were inoculated were more or less sus- 
ceptible. Newman 23 displayed some resistance, as did also Columbian, a 
purple variety. Black varieties appear to be moderately resistant. On the 
other hand, the Herbert, Idaho, Brighton, and Erskine Park varieties 
proved highly susceptible and in a wet season, such as the summer of 1928, 
few canes in plots of these varieties escaped infection. 

In the cross-inoculation experiments, no constant difference in patho- 
genicity was observed. There were, of course, differences in the growth 
rates of lesions even on the same variety and plant, but these were not con- 
sistent enough to be of any differential valne. Our results do not indicate 
therefore, the existence of any physiological specialization in 
applanafa. 

PATHOLOGICAL HISTOLOGY 

As has already been shown, Didymella applanaia attacks primarily the 
canes and buds of raspberries. A study of the pathological histology of 
these organs was accordingly made. 

Methods. — Normal and diseased host tissues were fixed in medium chro- 
macetie and embedded in paraffin for sectioning. The diseased material in- 
cluded all stages from the first tiny brown spots which develop in June to 
the gray canes with mature perithecia which had been infected about one 
year. Both naturally infected and artificially inoculated material was 
examined. For many purposes, sections of fresh material cut with the 
microtome or razor and stained in cotton blue were thoroughly satisfactory. 
Permanent mounts were stained variously. Delafield’s haematoxylin, eosin, 
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Fig. 10. A. Cross section of normal Herbert cane, showing normal amount of cor- 
tical tissue. X 600. B. Cross section of Herbert cane infected with spur blight^ show- 
ing mycelium of DidyiriGlla appldnaia in the cortex which has been reduced to practi- 
cally nothing. Note the amount of cortex in the diseased cane as compared with that 
in A. x 600. C. Longitudinal section of diseased Herbert cane, showing mycelium and 
a Phoma pyenidium beneath the epidermis. D. Drawing of naturally infected bud, 
showing peritheeia of Didymella applanatd on the surface of the bud scales. The bud 
was apparently killed by this fungus. 
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and Pianese 3b were those chiefly used. The latter proved quite satisfac- 
tory in most cases. Infected buds were treated in a similar manner. The 
histology of leaf petioles artificially inoculated with spore suspensions of 
Phoma were also studied from freehand sections. 

Besnlts. Cane histology . — In the normal current-season raspberry cane 
there are three Avell-defined cortical regions external to the cork (Fig. 
lOj A) . The first region, which lies just beneath the epidermis, consists of 
from two to four layers of relatively small, thick-wall cells. The next 
region is composed of large, thin-wall cells and is usually eight to twelve 
layers in thickness. The last region, which composes the cork, consists of 
two or three layers of small thin-wall cells. 

In all diseased specimens examined in which chocolate-color lesions 
appeared on the surface, all regions of the cortex except the cork were 
freely invaded by the mycelium of the fungus. The walls and their con- 
tents in all cases turned brown, presented a shriveled aspect, and appeared 
quite dead. The mycelium of the fungus in almost all cases was found to 
be intracellular, only a very few cases of it being observed intercellularly. 
Normally, the mycelium of the fungus appears to be limited to the cortical 
regions (Pig. 10, B and C). However, in sections of canes inoculated 10 
months previously, mycelium w'as frequently observed in the phloem and 
xylem, but only when the cork tissues were injured and then only in the 
vicinity of the injury. In several instances of naturally infected canes 
mycelium was also observed beyond the cortical layers, but, on close ex- 
amination, mechanical injury to the cork layers nearby was detected in 
every ease. Under our conditions it appears that the cork forms an effi- 
cient barrier to the fungus so far as actual mycelial penetration is con- 
cerned. In cortical tissues the mycelium apparently travels directly 
through the cell walls (Fig. 4, C) and shortly afterwards the walls col- 
lapse and the cells die. In extending its boundaries up and down the 
cane the fungus invades the outside tissues first and later extends inward 
to the cork layers (Pig. 11, A). Mierochemical tests of normal canes show 
a plentiful supply of starch in the cortical tissues in August. Similar tests 
of infected specimens at the same time show a complete absence of starch. 
The cork tissue does not become directly invaded by the mycelium of the 
fungus, but the few outer layers adjacent to invaded cortical tissue in most 
eases die and shrivel up (Fig. 10, B and C). Frequently all of the cork 
laj^ers are browned. In many cases the phloem also is browned, when in 
close proximity to the mycelium, even though no penetration has occurred. 
In some instances in the phloem and medullary rays of infected canes there 
is an accumulation of starch greater than in normal ones. 
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Pig. 11. A. Longitudinal section of a diseased Ciitlibert cane cut at tlxe boundary 
Between brown and green tissue and showing the intracellular in 3 'celiuni in the external 
layers of the cortex, x 600. B. Single aseus of DidymeUa applanata, showing the sub- 
biseriate arrangement of the aseospores. The paraphyses which extend beyond the top 
of aseus have cross walls, x 800. C. Germinating aseospores oi Didymella applanata^ 
showing anastomosis of two germ tubes. xoOO. (After IS hours in steiule water at 
room temper aturej) 
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Biid development and infection. — Rather an interesting point in con- 
nection with the hud development was observed regarding the small bud 
which is always present immediately below the large developing bud. In 
prepared sections of embedded material sections of both buds frequently 
appeared on the same slide. In some cases the tiny bud had apparently 
been killed by the fungus while the large one was not, and vice versa. In 
other eases both w^ere killed. Observations during the subsequent summer 
yielded the following results. In most instances this small bud developed 
into a small leafy shoot with tiny leaves during the summer. This leafy 
shoot was located immediately below the large fruit spur. In many in- 
stances they were observed to die about the middle of July. In some cases, 
however, as, for example, when spur buds died, the small buds developed 
into eomparatively large fruit spurs, but in most instances they were not 
so large as true fruit spurs. 

Peculiar variations from the above w^ere observed in several instances. 
Sometimes both spur buds and tiny buds developed to a large size, giv- 
ing the cane a brushy appearance. Normally, however, the small buds 
developed into tiny shoots. 

Close examinations of diseased buds in the spring in many eases dis- 
closed fruiting bodies on the surface of the outer scales (Fig. 10, D) . These 
often occurred in abundance towards the base of the scales. Examinations 
of these proved them to be chiefly perithecia belonging to Didymella ap- 
planaia with a few Phonia pycnidia intermingled. Occasionally they W’ere 
also observed inside the outer scale layer on the surface of the second 
layer. Examinations of buds infected only a short time previously sho^ved 
that infection began in many cases at the extreme bud tip. Here only the 
tips of the outer scale layers protrude and might naturally be expected 
to become infected first. 

Infected buds were almost invariably found to be considerably dwarfed. 
Comparative length measurements of 136, each, of normal and infected 
Cayuga buds, made on August 29, 1928, indicated an average dwarfing of 
40 per cent. Similar measurements of 162, each, of normal and infected 
Cuthbert buds, made on August 28, 1928, indicated an average dwarfing 
of 27 per cent in that variety. This dwarfing wliicli apparently resulted 
from spur-blight infection partially explains the weak fruit spurs wiiieh 
develop in the spring from infected buds (Fig. 2, D). 

Bud Ivisiology . — Sections of buds wdiich were infected during the sum- 
mer and sectioned the following spring yielded most interesting results. 
Copious mycelium was found within the bud tissue. In the majority of 
infected buds only several of the outer layers were invaded by the fungus 
(Fig. 4, B). In all the layers which w^ere invaded the tissue was badly 
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broken down and always presented a brown and sliriveled aspect. The line 
of demarcation between affected and healthy tissue was as definite as in the 
case of diseased canes. The mycelium was found to be chiefly intracellular. 
The buds did not develop any protective layer or any visible barrier to 
mycelial spread. The mycelium apparently passed directly through the 
cell walls, after which the cells collapsed. Mycelium was not found in 
the vascular tissue of the bud but appeared always to be limited to the 
parenchyma. Often, however, the phloem was browned and the cells 
were shrunken, though mycelium was never observed in them. In a few 
exceptional cases mycelium was found in the central bud layers, killing 
the bud. 

Buds sectioned in the autumn invariably disclosed less mycelial pene- 
tration than those sectioned the followdng spring. In numerous cases the 
tissue immediately below the bud was affected and brown, though sections 
of the bud tissue disclosed no mycelium. In such instances, however, the 
bud was nearly always considerably dwarfed. Examination of these buds 
in late summer showed a decided shrinking of the phloem cells with occa- 
sional browning. An examination of 200 naturally infected buds during 
the first week in August showed that infection had originated at the bud 
tip in 147 eases ; in 18 infection had begun either at the base or at an inter- 
mediate position and in the remaining 35 the point of origin was uncertain. 

Histologic reaction to the fungus . — In sections of leaf petioles which 
were made at various times mycelium of the fungus was observed to be 
very abundant throughout the cortical tissue (Fig. 4, A). The petiole 
itself was always much dwarfed and shrunken, due to the disintegration 
of the cortical regions. The mycelium was observed to be wholly intra- 
cellular and varied greatly in thickness in individual cells. On passing 
through a cell wall the mycelium on one side of the wall frequently ap- 
peared thicker than on the opposite side. Again no mycelium was found 
actually within the vascular tissue. AYithin the leaf tissue itself mycelium 
was found in the mesophyll. 

From the results indicated in the section on histology it seems that 
under Ontario conditions Didymella applanata is essentially a parasite of 
cortical tissues. Observations indicate that under abnormal conditions, 
such as wounds in the cork, the fungus will penetrate the vascular tissues. 
Infection of buds frequently originates at the tip and extends down the 
bud scales during the summer and autumn, gradually killing the outer 
layers. The effect of the shriveling of the outer layers is to cause a sepa- 
ration of the layers at the bud tip, and consequently the inner succulent 
and tender tissue is left exposed. In this way buds infected with spur 
blight go into the winter in an exposed condition and are easily killed. 
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In many instances; infected buds that are not actually winter-killed are 
either dwarfed or weakened to such an extent that they are able to put 
forth only a small weak spur wdiich bears fruit of no value. The killing 
of the tiny buds below the main spur buds appears also to be of some sig- 
nificance when the spur bud is kill ed, the result being that at that node 
no fruit spur is possible. 

CONTROL MEASURES 

Spraying experiments on the control of spur blight were begun on May 
30, 1928, and were continued during the summer of 1929. During the first 
year a Bordeaux mixture was employed which consisted of 3 lbs. copper 
sulphate, 5 lbs. hydrated lime and 40 gals, water. To this was added 2 
lbs. of laundry soap. The same mixture was used the second year except 
that 2 lbs. of whale-oil soap was substituted for the laundry soap as a 
spreader. Instead of the third spray in 1929 Bordeaux dust was applied 
with a blower, since the power sprayer was out of order. 

First applications were made on May 30 and 28 ; second applications on 
June 12 and 14; and third ones on June 27 and July 6, respectively. A 
40-gal. power sprayer was employed, and the spraying was carried out 
at a pressure of 250 lbs. with as fine a mist as possible, in order to eliminate 
mechanical injury as much as possible. Mr. Corcoran, of Port Dalhousie, 
kindly allowed the experiments to be conducted in his plantation both 
years. In 1928 one row of Herberts and three rows of Cuthberts were 
selected for spraying. Each row was 105 yg,fds long and only one half 
of each row was sprayed, the other half being" allowed to remain as a check. 

Percentage control was calculated in two ways: First, on the basis of 
the number of diseased canes; and, second, on the total number of lesions 
in a group of canes selected at random. 


TABLE 8. — S‘H>mma7'y of results of Bordeaux spraying experiments to co7iirol spur Might 


V^axiety 

Number 

of 

Average percentage control for 
two years 


sprays 

By diseased canes 

By lesions 

Herbert 

1 

77.9 (oneyr.) 

92.4 


3 

66.6 (one yr.) 

79.2 

Bright on 

3 

67.2 

73.5 

Cuthbert 

1 

70.3 

85.9 


2 

79.3 

89.5 


3 

86.1 

97.9 
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The results of the spraying experiments are summarized in table 8. It 
will be seen that spur blight has been fairly sueessfully controlled by the 
use of a Bordeaux spray. The results were not always consistent, however, 
and the experiments must be continued over a longer period of time before 
definite conclusions can be safely drawn. The marked effectiveness of a 
single early application of Bordeaux mixture in 1928, when the disease 
was abundant, suggests that the timeliness of the application is all-im- 
portant and that one spray, applied early enough to protect the plants 
against the heaviest of the ascospore discharge, may hold the disease satis- 
factorily in check that season. The advisability of additional applications 
will probably depend on the season and on local conditions. 

"While no appreciable spray injury has been observed in any of our 
plots, this is a matter which deserves further consideration in view of the 
fact that raspberries are notoriously susceptible to spi'ay injury. Whiile 
it seems likely that the lack of injury in our experiments was due to the 
strength of the Bordeaux mixture and the care with which it was applied, 
it is just possible that environmental factors peculiar to the district also 
exerted an influence. Until more data are collected, therefore, Bordeaux 
should be used cautiously on raspberries and in a more or less experi- 
mental way. 

A summary of measures suggested for controlling spur blight in Ontario 
is as follows : 

1. Apply a Bordeaux spray (3:5: 40) to which has been added 2 lbs. 
whale-oil soap to young canes in May when they are 5 to 9 inches high. 
A second application may sometimes be warranted approximately 2 weeks 
later. 

2. Bo not allow the rows to become too deep. "When rows are deep and 
close together there is less air drainage and moisture is retained longer and 
invariably more disease is observed in such plantations. The presence of 
weeds between the rows is likewise an important factor in increasing the 
humidity. 

3. Avoid setting but plantations on sites which are poorly underdrained 
or surface-drained. Such plantations become an easy prey to a fungous 
disease like spur blight. 

4. Procure nursery stock from disease-free plantations. 

5. Avoid setting but plantations adjacent to patches of wild raspberries 
since spur blight is almost invariably present on the wild varieties. 

SUMMARY 

1. Spur blight is almost universal in its distribution, occurring in North 
America, Europe, and Australia. 
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2. Spur blight of raspberries is becoming more prevalent in the Niagara 
peninsula. 

3. The history of the disease in America and Europe is outlined. 

4. In Europe damage caused by spur blight is reported to be extensive 
in several countries, especially Germany and Switzerland. In America it 
appears to cause considerable damage in the United States and Canada, 

5. In the summer the most striking symptoms of spur blight are pur- 
plish brown discolorations on the canes and similar lesions on the leaves 
and buds. Diseased canes turn light gray in color during the winter fol- 
lowing infection. Minute black perithecia become increasingly conspicuous 
on the gray lesions during the winter and spring. 

6. The disease is caused by Didymella applanaia (Niessl) Sace. 

7. In America spur blight has been attributed to Mycosphaerella ruhina. 
In Europe a disease having the same symptoms is considered to be caused 
by Didymella applanaia. Mature perithecia of spur blight collected in 
Ontario and some from the original material from which M. ruhina w^as 
described in 1894 by Peck were sectioned. The two were identical and 
paraphyses w’'ere present in both. Cultures and naturally infected speci- 
mens of D. applanata from England agreed morphologically with our own 
cultures and specimens. Inoculations and reisolations indicated that the 
two species were identical. 

8. A description of the peritheeial and pycnidial stages of Didymella 
ai^planaia hiid the results of isolations from each stage are given. Peri- 
theeia belonging to D. applanata developed on canes inoculated with cul- 
tures originating from ascospores of the same species. These canes, prior 
to the formation of perithecia of D. applanata developed pycnidia belong- 
ing to a Phoma sp., which is the imperfect form. The Coniothyrium which 
is at times found associated with spur blight and which has been reported 
genetically associated with D. applanata was shown to be the imperfect 
stage of Leptospkaeria coniothyrmm (Fcl.) Sacc. 

9. The imperfect stage, Phoma sp., was cultured on eight different nutri- 
ent media. Growth rates of the fungus on the different media at various 
constant temperatures are given. The fungus can grow on artificial media 
at temperatures of 2° to 28° C. 

10. Perithecia of Didymella applanata discharged their ascospores in 
1929 from May 7 to July 7. A shower appeared to be necessary for aseo- 
spore discharge. Pycnospores of Phoma sp. were discharged at intervals 
along with the ascospores, 

11. Infection resulted from the inoculation of both noninjured and in- 
jured canes with ascospore suspensions of Didymella applanata. Various 
portions of the plant, including fruit spurs, tips of canes, and developing 
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buds, proved to be susceptible to the fungus. Leaves were inoculated with 
ascospore suspensions of D. applanata diid pycnospore suspensions of 
Phoma sp. Both noninjured and injured leaves developed typical symp- 
toms as a result. 

12. Twenty-two varieties of red and black raspberries were found to 
be more or less susceptible to spur blight. 

13. All regions of the host cortex except the cork were found to be 
freely penetrated by the mycelium. The host produces no visible bar- 
rier to withstand invasion by the fungus in these portions. Peritheeia of 
Didymella applanatd were observed on the surface of bud scales in the 
spring. The direct invasion of bud tissue by the fungus was established. 
Several of the outer bud layers are those chiefly affected. 

14. A 3 : 5 ; 40 Bordeaux mixture, to which was added 2 lbs. of whale- 
oil soap, was employed in attempting to control spur blight. Over a period 
of 2 years an average control of 80.4 per cent was obtained with a single 
application. 

Dominion Laboratory of Plant Pathology, 

St. Catharines, Ontario, Canada. 
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THE LATE BLIGHT OF THE SUGAE BEET^ 

B. L. Bichards2 and C. M. Tompkins ^ 

INTRODUCTION 

111 1922 the senior writer (20) called attention to a disease of the sugar 
beet which appeared in an epidemic form in the beet fields of Utah during 
1919 and 1921. At that time the trouble "was designated as ^Tate blight/^ 
and it was pointed out that, while Phoma hetae (Oud.) Fr. was associated 
with a final and conspicuous root-rot stage of the disease, the initial phase 
of the trouble probably was nonparasitic in nature and, in its epidemic 
appearance, was closely associated wdth certain climatic conditions, inten- 
sified by such local factors as delayed irrigation, poor tilth, and low soil 
fertility. The disease referred to as late blight appeared again in a mild 
nonepidemic form in the sugar-beet fields of Utah in 1924, 1926, and 1929. 

The purpose of this paper, while making no claim to completeness, is tO' 
characterize this peculiar disease of the sugar beet and to discuss some of 
the factors underlying its epidemiology in Utah. 

SYMPTOMS OF LATE BLIGHT IN UTAH 

As stated in an earlier publication (20), late blight makes its appearance 
in epidemic years as early as July 1 to 15 and continues its rayages through- 
out the remainder of the growing season. In seasons less favorable for 
blight development the initial symptoms may not develop until mid- August 
or as late as September or early October. 

Late blight manifests itself by a sudden collapse of irregular areas of 
tissue of the leaf blade. These lesions may vary in size from mere pinhole 
spots (Fig. 1, A) to areas involving the entire tissue included between two 
main lateral veins (Fig. 1, B, C, D, E, F). Under severe conditions the 
entire tissue of the leaf blade, with the exception of the midrib, the large 
lateral veins, and the tissue immediately adjacent to these structures, 
becomes suddenly involved and, when dry, presents an appearance as if 
scorched by fire (Fig. 1, B, C, D, E). When conditions are especially 
favorable for disease development the large lateral veins with portions of 
the midrib may be killed, which results in complete collapse of the leaf 

1 Contribution from the Department of Plant Pathology, Utah Agricultural Experi- 
ment Station, and the Bureau of Plant Industry, United States Department of Agri- 
culture. 

2 Plant Pathologist, Utah Agricultural Experiment Station. 

3 Assistant Pathologist, Office of Sugar-Plant Diseases, Bureau of Plant Industryy. 
United States Department of Agriculture. ^Resigned January, 1930. 

Publication authorized by Director, May 14, 1930. 
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Pig. 1. Types of leaf injury charaeteristic of late blight. A. Spot type of lesions 
-common on older and weakened leaves or of the milder form of disease on the more 
normal leaf. B, C, D, E, F. Stages in collapse of leaf blade, indicating the more severe 
expression of late blight both on the older and younger leaves. P. Upward and inward 
curving of the collapsed leaf blade. Note green and apparently normal tissue adjacent 
to the midrib and larger veins. 

blade (Pig. 1, D, B). It is not nncommon to find both the small and large 
lesions on the same leaf. 

The smaller lesions appear associated with the milder form of late blight, 
although, with the continued progress of the disease, these smaller necrotic 
areas may coalesce until the final result is much the , same in appearance 
and in effect as when the larger leaf areas are suddenly affected. In the 
most seYere types of tissue destruction a narrow margin of green and 
apparently healthy tissue remains intact adjacent to the main lateral veins 
and midrib, frequently lining the entire v^einal system (Fig. 1, D, F ; Pig. 
2, A). In nearly all eases the surviving skeletal structure, which continues 
to support the dry necrotic tissue in sitn, together vdth the leaf petiole, 
xeinains rigid for a considerable time, thus providing a characteristic fea- 
ture of late blight (Fig. 2, A B). Under conditions of complete collapse 
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net. 2. Inlividual beets showing late blight. A. Advanced stage of the disease. 
Older leaves are prostrate and all inner leaves are more or less affected. Note charac- 
teristic collapse of tissue between larger lateral veins and upward curving of leaf blade, 
also rigid, upright position of petioles. B. The advance of the disease on older leaves 
while heart leaves remain apparently healthy. 
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of the leaf blade, the petiole may remain upright and rigid as long as the 
major portion of it continues green (Fig. 2, A, B). With weakening of 
the petiole collapse of the entire leaf occurs. Severely affected leaves may 
turn either upward and inward over the midrib (Fig. 2, F) or may become 
definitely recurved. 

In the very earliest or initial stages of tissue collapse in either the small 
or the large lesional areas the affected tissue exhibits a Biscay Green'^ (PL 
XVII, 28' i) or Kainette Green (PL XXI, 27'' i) water-soaked appearance. 
The green shades rapidly disappear, giving place to the darker shades of 
gray and brown. In wet weather the grays predominate, with lesser 
tendency toward drying of leaf tissue, the color passing through shades of 
Deep Olive Gray (PL LI, 23 h) to Dark Olive Gray (PL LI, 2.3"" i) or Iron 
Gray (PL LI, 23""' k). Heavy dew apparently intensifies the darker 
shades. The development of the disease during dry periods results in a 
predominance of the tan or brown colors, which may vary from Cartridge 
Buffi (PL XXX, 19' f) to Olive (PL XXX, 12" n) or Dark Greenish-Olive 
(PL XXX, 23" m). Frequently 'with long exposure to direct sunlight the 
necrotic tissue areas are bleached to a Cartridge Buff (PL XXX, 19" f) or 
Cream Buff (PI. XXX, 19" d). 

When exposed to sunshine the collapsed tissue rapidly dries out, becom- 
ing membranous in texture and very fragile. The dead tissue is ruptured 
with but slight pressure, although it seldom, if ever, drops out. Winds 
readily whip the dried necrotic tissue to pieces, frequently giving the leaf 
an appearance as if riddled by hail. 

In the development of the disease the outer leaves are affected first (Fig. 
2, A, B ; Fig. 3, A, B) . As the disease progresses inward, successive w^horls 
succumb until, in the late stages, all the leaves of the beet may collapse 
and finally appear as a brown or black mass attached to the crown (Fig. 2, 
A, B ; Fig. 3, A, B). In mild eases of late blight, and especially where the 
beet becomes affected late in the season, this final stage does not always 
develop, and not infrequently at harvest time diseased beets are found with 
the outer leaf whorls collapsed and prostrate, while the center whorls 
appear to be quite healthy (Fig. 2, B). 

In the field late blight may develop on single beets scattered among 
healthy neighbors or in somewhat localized areas which appear to radiate 
outward from a central spot; in general, this occurs most rapidly in the 
direction of the irrigation rows. Again the disease may appear more or 
less suddenly over a considerable portion of or even over the entire field, 
giving a definite blight aspect. The appearance of a field in its later stage 
of disease development is shown in figure 3, A, B. 

4 Color names Ueginiimg mth capitals are those of Eiagway's Color Standards and 
Nomenclature. ‘Washington, 1912. 
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Fig. 3. Views of 2.5-acre field at Greenville, IJtali, showing nature and degree of 
late-h light destruction during 1921. For details see text, also table 3. This field 
yielded 2.25 tons an acre in 1921 but was entirely free from disease. A. General view 
of field. B. Detailed view of an affected area. 

If, during the progress of leaf destruction, the taproot is removed from 
the soil, lateral rootlets will be found seriousl^^ affected. Even in the early 
stages of leaf collapse many rootlets may be dead, dried up, and frequently 
blackened. As rootlet destruction progresses the taproot loses its turgidity 
and may remain in a wilted state for a considerable period. In dry seasons, 
as in 1921 (Table 4, B), this condition of the taproot may obtain until 
harvest with the majority of the affected beets. From such studies made 
during the various epidemic years it is clearly evident that under TJtah 
conditions leaf and rootlet collapse may continue to completion prior to the 
initiation of taproot decay. On the other hand, with conditions of high or 
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exeessiye soil moistnrB due to late rains or late irrigations, rots are initiated 
usually by Phof}%(i Ijctae and a high percentage of the taproots may be 
partially or completely decayed before harvest. 



Pig. 4. Types of the dry rot of the sugar beet produced by Phoma ’betas, A. Ex- 
ternal appearance of rot area. B. Longitudinal section shoTOig results of a niunber 
of lateral points of infection. C. Longitudinal section showing results of ca‘Own infec- 
tion. Kote cavities with included mycelium characteristic of advanced decay in dry 
soil. D and E. Cross sections of roots affected with dry rot. 

In Utah the external rot lesions on the taproot do not assume definite 
shape, although the line of diseased tissue is sharply delimited from tlie 
adjoining apparently healthy tissue (Fig. 4, A, B). There may be one or 
several lesions of similar or varying size ■which have resulted from crown 
or petiolar infection or from independent lateral infection from one to 
several inches below the crown. A combination of the two types of lesions 
may develop on the same root (Fig. 4, B). The color of the external dis- 
eased areas varies from Sepia (PI. XXIX, 17" m) to Blackish-Brown (PL 
XLV, 9 m3). The decayed tissue is ordinarily firm, and, except when 
dried out, the beet retains its nox^mal shape. 

Frequently, with increased fungous activity and subsequent drying out 
of the affected tissue, characteristic cavities are formed which are com- 
pletely filled with mycelium (Fig. 4, C). The affected tissues, ineludiiig 
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the rings or vascular bundles, become uniformly discolored. The early 
stages of internal breakdown, if caused by Phoma hetae, are generally of a 
Deep Brownish Drab (PL XLV, 9"' i), although as the rotting progresses 
the color changes to Light Seal Brown (PL XXXIX, 9'" m) and finally to 
Blackish-Brown (PL XLV, 9"" m) . Tissue decay is essentiallj of the dr y- 
rot type. 

IDENTITY AND DISTRIBUTION OF LATE BLIGHT 

According' to Kriiger (15), Kiilm and Seliaclit noted and investigated 
the so-ealled Her zkra^nkheit in 1850 and 1860, respectively. However, 
Ganmaiin (9) is of the opinion that the first information concerning a 
sugar-beet disease, the description of which might be considered as identical 
with that for Herzkrankheii ov Her z-und-T rock enf chile as now known, 
originated from Frank in 1897 and Stift in 1900. At any rate, these appar- 
enth’^ synonymous terms are descriptive of a disease or a disease complex 
that ranks with the oldest of sugar-beet diseases and parallels very closely 
the symptomatology of a late blight as it occurs in Utah and also the trouble 
referred to as dry rot or Plioma root rot loj Edson [2) and other American 
writers. The conclusion that the disease complex, so designated, is con- 
sidered as an expression of the same set of factors on the two continents is 
further emphasized by the recent recognition of its two-phase nature by 
workers in Europe and by the present wTiters in Utah. The fact that on 
the two continents the trouble is intimately related in its epidemic form to 
dry seasons further confirms the possibility of its identical etiology. 

With a clear recognition of the blight stage of the disease as a condition 
independent of root rot, except as a predisposing factor, it becomes evident 
that the various terms such as dry rot, Phoina rot, Trockenfdiiley etc., fail 
to characterize the disease complex as now understood. In fact, these 
names are misleading unless restricted in meaning to the root-rot stage of 
the trouble. The writers here propose late blight, as formerly used by the 
senior writer (20), to designate the blight stage of the disease in Utah, 
realizing that rotting of the taproot, which the older terminology charac- 
terizes, may or may not follow as a part of the pathological picture. 

Late blight, if identical with Trockenf chile and possibly Herzkrankheit , 
is world-wide in its distribution. It has been reported to the Office of 
Mycology and Disease Suiwey, United States Deiiartment of Agriculture, 
from the British Isles, from all the countries of continental Europe where 
sugar beets are grown, and from Japan and Korea. It also occurs in every 
State in the United States where beets are grovai commercially. 

OCCURRENCE OP LATE BLIGHT IN UTAH 

Late blight appeared in epidemic proportions in Utah in 1919 and 1921 
and in isolated fields in various localities in 1917, 1924, and 1926. 
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In 1919 the disease was destructive in the beet-growing districts of 
Cache, Boxelder, Utah, Sevier, and Salt Lake counties. In Cache Valley 
30 to 40 per cent of the beet fields were reported affected, the degree of 
infection varying from a fraction of 1 per cent in some fields to total 
destruction in others. Boot rot during September and October became a 
conspicuous feature of the disease and figured heavily in decreased yields. 
A large number of fields were unfit for harvest. Root rot also was serious 
in the storage piles and became especially destructive in beets stored for 
seed purposes. Seed production was suspended in Utah owing largely to 
the storage troubles encountered in 1917 to 1921. 

In 1921 late blight was more serious than in 1919 and was reported from 
nearly every sugar-beet-gr owing district in Utah. As in 1919, Cache Valley 
again suffered more severely than other parts of the State, although the 
trouble was severe in Boxelder and Sevier counties and also in the Spanish 
Pork and Payson districts of Utah County. Approximately 100 fields in 
Cache Valley were blighted, and in many fields the crop was a complete 
failure. Table 1, which represents data from a 2.5-acre field in Greenville 
(Cache County), Utah, gives some idea of the degree of destruction. This 
field was not irrigated excessively in September and October and the loss 
from root rot was a minor cause of decrease in yield. Its average acre yield 
was 2.25 tons. 


TABLE 1. — Condition of leets in three representative rows of a 2.5-acre field m Green- 
ville, Utah, showing late hlight in the epidemic year 1921 
{jSee also Fig. 3, A and B) 


Bow 

No. 

Total 

No. 

beets 

No. of beets 
diseased 

Beets 

showing 

decayed 

lesions 

No. 

Diseased 

beets 

showing 

decayed 

lesions 

(%) 

Healthy 

beets 

No. 

Healthy 

beets 

(%) 

Tops not 
dead 

Tops 

dead 

1 

219 

49 

106 

9 

5.4 

64 

29.2 

2 

280 

62 

156 

16 

■ 

6.8 

62 

22.1 

3 

269 

58 

152 

19 

8.3 

59 

21.9 


Cache Valley, as a whole, suffered a reduction of 3.35 tons below the 
average yield or 4.94 tons below the average for the high-yield years. Much 
of this loss was directly attributable to late blight. The blight stage of the 
disease was more severe than in 1919, although the rotting of the taproot 
was much less conspicuous and important. By far the greater part of yield 
reduction was occasioned by the production of small beets and by the loss 
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of water from the beets after the leaves had collapsed rather than because 
of root decay. Rotting of the taproot was a serious source of loss only in 
fields where later in the season a high soil-moisture content was maintained 
by irrigation. 

Both in 1920 and 1922, following the epidemic years of 1919 and 1921, 
the disease completely cleared up, leaving no signs of the previous years’ 
epidemics. 

In 1917, while possibly not of epidemic proportions, late blight did 
manifest itself in rather severe form in isolated areas in Cache and Boselder 
comities. Reports of its occurrence also were received from Sevier County 
and from the Payson and Spanish Fork districts of Utah County. Losses 
were heavy in many fields in these counties. 

During 1924 and 1926 late blight occurred only in fields where poor 
cultural operations had exposed the beets to vigorous drought conditions 
either through poor tilth, lack of fertility, or lack of proper irrigation. 
Neither 1924 nor 1926 could be considered as blight years and losses from 
late blight were small compared with decreased jdelds caused by the curly- 
top disease induced by the feeding of the leaf hopper Eiitettix ienellus. 
Both 1924 and 1926 were outstanding for the presence of this latter trouble. 
Ill fact, 1926 stands out as the year of the most severe damage in the history 
of the sugar-beet industry in Utah. Neglect of beet fields owing to the 
progress of curly top was general and was probably the most important 
factor in inducing late blight both in 1924 and 1926. Knowlton (13) in 
discussing curly top in Utah states : ‘ ‘ Curly top wus more severe in 1926 
than in 1924 and many fields in the northern part of the State w^ere very 
much neglected.” He estimated crop yields at 7 to 10 tons and attributed 
the decrease in yield primarily to curly top. 

In 1929 late blight became important in a few" fields in Cache Valley. 
Tw^elve of these fields were studied in considerable detail and will be dis- 
cussed in a later portion of this paper. 

factors influencing the occurrence of late blight 

Frank (4) in 1892 reported that w^eather had no infiuenee on the spread 
of the dry or heart rot in Germany. By 1893 he (5) had altered his views 
and announced that dry soil and dry w^eather did f avor the appearance of 
the disease, although he considered these factors as secondary in importance 
to the organism Phoma letae. In 1895 Frank (6) again emphasized the 
relation of dryness to the disease in July and August but held that dryness 
alone would not cause the trouble. He noted that excessive soil moisture 
appeared to inhibit the actions of P. 'betae. 

Hollrung (10), in 1893, called attention to the fact that heart rot is 
most prevalent in dry seasons and in clay soils underlaid by an impermeable 
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stratum. Lack of water and unfavorable soil conditions rendered the crop 
more subject to attack bj’ Phoma ieiae. 

In 1909 Schander (22) reported that the disease always appeared after 
a period of great heat and dryness. 

Soraiier (24) noted that the dry rot was favored in its development by 
high soil teniperatnres and lack of sufficient water for normal plant growth. 
The disease, he stated, appeared generally in mid-July if hot, dry weather 
persisted. 

Lahbe (17) also considers the disease to be more severe during dry 
periods, and Schander (22, 23) recognized water supply as of primary 
importance in connection with the development of the disease in Germany 
and points out the seriousness of dry rot in the Province of Posen as com- 
pared with central Germany is due to the fact that the foimier has a more 
unfavorable climate with more frequent and destructive dry periods in 
early summer, especiallj^ in May and July. ' 

In 1913 Eappeli and Morgenthaler (11) stated that with restricted 
respiration and assimilation of the host plants, due to drought, iDenetration 
by Phoma hetae was favored. 

Edson (2), in a discussion of the perpetuation of Phoma letae^ observes 
that the root may be susceptible to infection during periods of low vitality 
induced by unfavorable environment. However, he concluded that under 
conditiDns obtaining in AYiseonsiii and Colorado in the summer and fall of 
1913 Phoma rot developed under conditions of excessive moisture and of 
severe drought in the respective States. 

According to Nakata, Nakajima, and Takimoto (19), ‘'snake-eye’' in 
Korea, a disease associated with Phoma hetae, is one of the most serious beet 
diseases and breaks out in sandy soil or during dry seasons. 

Prom a study of the disease in Utah, Kichards (20) concludes that, in 
its epidemic occurrence, it is closely correlated with abnormally low precipi- 
tation during the months of June and July and may be induced in isolated 
fields by local drought conditions of the soil. 

Brandes (1) noted that Phoma root rot in the United States is inflneneed 
largely in its development by weather conditions, excessive moisture and 
high temperature being the principal factors favoring it. 

Gaumann (9) in his investigation of water in its relationship to the 
disease found that many soils, in which diseased beets had developed, 
possessed a smaller w^ater-holding capacity than the soils in which healthy 
beets had grown to maturity uninfected. In other fields the question of 
water-holding capacity seemed to be less important as a primary contribut- 
ing cause of the trouble. He observed that wet, cool weather inhibited, 
while hot dry weather favored the disease, Gaumann holds that while the 
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water relationship is important it is of secondar}^ importance when com- 
pared with soil reaction and the calcium and magnesium earhonate eontent 
of the soil. Occasionally, however, it may be of primary importance. 

Studies by Kruger and Wimmer (16) indicate that while the heart and 
dry-rot disease may appear at different periods of growth of the sugar beet, 
it develops most frequently after the time of the most luxuriant leaf growth. 
This, they stated, occurs at the end of July or early in August in dry, 
rainless summers. 

Murphy (18), in 1927, believed the disease was associated with certain 
light soils liable to suffer from drought and in certain cases with reclaimed 
soils of a peaty nature. 

In 1928 Esmarch (3) calls attention to the physiological nature of the 
heai’t and dry rot of the sugar beet and points out that the disease occurs 
during July and August in dry summers and under drought conditions of 
the soil where the water balance of the plant is so disturbed as to become 
an important factor. According* to this writer, soils that dry out readily, 
heavy soils that crust, and soils underlaid with rocky subsoil or that permit 
an easy run-off greatly favor the development of the trouble. The disease 
is intensified also by high alkaline content of the soil, especially by the 
abundance of lime, and is lessened in its severity by the application of 
amendments containing phosphoric acid and potassium. 

Conditions favoring late blight in Utah agree closely -with those depicted 
by recent European workers to be responsible for heart and dry rot in 
Europe. Climatic factors, particularly the distribution of rainfall, also 
local soil and cultural conditions, are involved. 

Data relating to rainfall, yield, and the incidence of late blight in the 
Logan beet district over the period from 1915 to 1929 are included in 
table 2. A glance at columns 1, 17, and 18 shows clearly that certain 
seasons are definitely unfavorable for beet production. In 1917, 1919, 
1921, 1924, and 1926, yields in the Logan area and in Cache Valley fell 
far below the average yields for these districts. Available data not 
included in the table show that a similar decrease in yield resulted during 
these years for Utah as a wdiole. During the same years in which beets 
yielded poorly (1915-1929, inclusive), poor potato yields were obtained 
(Table 2, column 20). A study of column 19 further discloses the fact 
that the tw*o years of low yields in sugar beets and potatoes were those in 
which late blight occurred either in epidemic form or to a lesser degree in 
isolated areas throughout Utah. The factors thus responsible for low yields 
and late blight are evidently the same and are operative apparently over a 
wide area. 

Recent studies have disclosed the fact that a close correlation exists 
between the distribution of rainfall and the incidence of occurrence of both 
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tile low yields and the late blight. With the exception of 1926, the years 
of low beet yields were those with abnormally low precipitation for the 
months of June, July, and August, in each case falling below the total of 
1 inch (Table 2, columns 15 and 19). Except for 1926, the disease 
appeared only in years of low rainfall during these months. In 1919 and 
1921, epidemic years, precipitation during June, July, and August was 
especially low. In 1921, the most severe of all years for late blight, 0.01 
inch fell in June, but a trace in July, and 0.74 inch in August, or a total of 
0.75 inch for the three critical months in the growth cycle of the beet. 
During 1919 no rain fell in June, 0.31 inch in July, and 0.4 inch in August, 
totaling 0.71 inch for the three months. Both in 1919 and in 1921 severe 
drought occurred during the critical period in which the young beet was 
forced to establish itself after thinning. The effect of low precipitation is 
expressed both in the amount of disease and in the decreased yield. Late 
blight in 1917 and 1924, though less abundant, bears an equally prominent 
relationship to the low precipitation during the three months of June, July, 
and August. 

In 1919 rot of the taproot appeared to the casual observer as the most 
prominent feature of late blight, being frequently initiated during the very 
earliest stages of leaf collapse. In a number of fields in Cache Valley decay 
of nearly 100 per cent of the roots resulted. In a high percentage of these 
fields, owing to the extent of root rot, the crop was not harvested. The 
drought period during June, July, and August, responsible for the severe 
blight of beets, was followed during September and October by heavy 
rainfall. In these two months 7.13 inches fell, which was 4.4 inches above, 
or approximately two and a half times normal September and October 
precipitation for the Logan district. This excess rainfall together with 
irrigation kept the soil continually wet and definitely favored the decay 
of the beets. 

Even though late blight w^as more severe in 1921 than in 1919, root rot 
was noticeably less important. The degree of root decay in proportion to 
affected beets is indicated in table 1, column 6. Under field conditions, 
wherein excess irrigation w^as not a factor, rotting of the taproot was defi- 
nitety inhibited and large numbers of beets without decay were harvested, 
the leaves of which had completely collapsed two to three weeks prior to 
digging. The precipitation record for 1921, when compared with that of 
1919, is instructive. The severe drought during June, July, and August, 
1921, continued through September and October. The total precipitation 
for these two months amounted to 1.62 inches, approximately one half 
normal as compared to 2^ times the normal for the corresponding 2 months 
in 1919. It is interesting in this connection to recall the observations of 
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Brandes (1) and Edson (2) that root rot is favored by excessive moisture 
and hi^h temperature. Neither of these writers indicates that liis observa- 
tions were made over the entire season, nor is there any indication that 
blight was recognized by either of them as a distinctive feature of the dis- 
ease separate from root rot. Edson states that root rot developed under eoii- 
ditions of severe drought in Colorado the same season that it developed in 
Wisconsin under conditions of excess moisture. It is during the two 
months of September and October that the taproots, reduced in vitality by 
late blight during June, July, and August, are most exposed to the factors 
of decay. The degree and rate of decay appear to be determined by the 
amount of moisture in the soil. Whatever the explanation of the difference 
in the quantity of decay in the two years, it is clear from the studies in 
1924 that root rot is not a necessary part of the late-blight picture b\it is 
initiated as a result of the conditions responsible for late blight. 

Studies and observations in 1917, 1919, 1921, and subsequent years have 
disclosed a number of soil and cultural conditions which definitely favor the 
development of late blight. Delayed irrigation has frequently been noted 
as an important factor in prolonging the early drought period and thereby 
tending to induce the disease. In one instance in 1921, in a field otherwise 
uniform in cultural relations, five rows were left unirrigated for two weeks 
after the first irrigation of the other portions of the field. Beets in these 
five rows became so badly blighted that they were left unharvested, while 
only local areas in the early- watered portion were seriously damaged. Sim- 
ilar instances have been noted in a considerable number of fields where early 
irrigation had been delayed or in spots in fields inaccessible to adequate 
irrigation water. 

Surveys in 1921 and 1929 have also shown a close correlation between 
the incidence of late blight and previous cropping, especially as the latter 
relates to soil tilth, soil fertility, and the humus content of the soil. In 1921 
the most severe type of late blight occurred on soil following cereal crops 
or for the first time in sugar beets for a number of years. Of the 100 fields 
studied in Cache Valley in 1921, 23 fields wMch exhibited the trouble in its 
most severe form had been planted to sugar beets immediately following 
either alfalfa or cereal crops. The condition of tilth in these fields was 
generally poor, and, during the epidemic, few fields of this character escaped 
the disease. The greater percentage scarcely paid for harvesting ; many 
were left unharvested. 

In September, 1929, eleven fields were located in Cache Valley, Utah, in 
which late blight was prevalent. As the valley was otherwise free from the 
trouble, the situation was unique for investigation. An intensive study was 
made involving the problems of tilth, crop sequences, organic content of the 
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soil, and dates, frequency, and type of irrigation. The results of the studies 
are summarized in table 3. It is evident that late blight in Cache Valley 
was limited during 1929 primarily to soils planted to beets following alfalfa^ 
cereals, and pasture, or to potato land following grain or alfalfa on which 
irrigation had been neglected. The disease apparently was not associated 
with any particular soil type. Soil topography was noted as an important 
factor only in determining the quantity of irrigation water available for 
local areas within the field. 

In addition to the effect of previous cropping the lack of water in suffi- 
cient amounts applied at such intervals as to maintain uninterrupted plant 
grow’th appeared as a most important factor inducing late blight. It is 
probable in this connection that excessive quantities of crude or undecayed 
organic matter in the form of alfalfa roots and crowns (Table 6) and con- 
stant cropping with cereals so adversely affect soil tilth as to make for 
poor water-retaining power, thereby contributing to the disease. Where 
alfalfa was first crowned in the fall and then plow^ed under in the late fall 
or early spring, the succeeding crop was always severely affected. Heavy 
manuring of alfalfa land prior to or following plowing also intensified the 
lat e-blight situation. In the study of these few fields it was found that a 
delay of the first irrigation and excessively long irrigation rows were defi- 
nite factors contributing to late blight. 

Accumulated evidence indicates that heavy first irrigations following 
the long period of drought in June and early July are important in blight 
production. The disease seldom, if ever, appears in its typical form prior 
to the application of water but frequently develops rather rapidly there- 
after, especially if the soil is heavily irrigated. In this relation particularly 
in respect to the suddenness with which lesions develop in the leaf tissue, 
late blight closely resembles white spot of alfalfa as described in 1928 by 
Eichards (21) . Eadical fluctuations in irrigation practice also seem to be 
an intensifying factor. 

Soil reaction has been observed to play an important part also in induc- 
ing late blight in Utah. In general, in epidemic years the disease is more 
severe on alkaline soils than on soils known to be less alkaline. Soils rich 
in lime favor the disease. 

The relative importance of soil reaction to the occurrence of late blight 
has long been recognized. Frank found the disease more prevalent in 1896 
in Silesian Germany on soils that had been too heavily treated with Chile 
•saltpeter. Kiehl (12) concluded from his studies that the disease was due 
to excessive concentrations of soil nutrients rather than to PJioma leiae, as 
others had claimed. Wilfarth and Wimmer (29), by use of pot experi- 
ments, determined that high soil alkalinity favored heart rot and dry rot. 
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Kruger (14) observed that poorly drained and nonaerated soils with a 
strongly alkaline reaction favored the development of the disease. Fer- 
tilization with sodium nitrate increased, while gypsum and ammonium 
sulphate cheeked it. Stormer (28), recommended as a control measure the 
neutralizing of the alkaline condition of the soil in order to render it physio- 
logically acid. Schander (23), however, was unable to confirm Stormer ’s 
results and claimed that ammonium sulphate in large quantities favors 
root rot. 

Gaumann (9) calls attention to the fact that the disease has not appeared 
in Switzerland on acid soils and that it is seldom found on neutral and 
slightly alkaline soils. However, with a soil pH of 7.6 or greater, the 
disease becomes severe. The intensity and frequency of the disease increase 
vfith an increase in pH. Complete loss of the crop may be expected in soils 
with a pH of 7.7 or greater. The critical pH point varies with different 
fields. A soil pH of 6.6 was found to be inhibitory, in so far as disease 
development was concerned. 

Kruger and Wimmer (16) observe that the disease may appear at the 
end of July or early August in dry summers, but later, in rainy summers, 
in connection with the early or late increase in alkalinity of the soil solution. 
The nature of this pH increase may determine in large measure whether 
the disease will appear in light or severe form. 

Murphy (18) argues that since this type of crown rot occurs mainly on 
alkaline soils and as alkalinity is principally determined by the amount of 
lime present, it may be said that for practical purposes it is confined to 
soils containing a considerable amount of lime. 

Phosphoric fertilizers, according to Esmarch (3), seemed to inhibit the 
disease by reducing the alkalinity, while Chile saltpeter and potash (in the 
form of kainit) and calcium carbonate increased the disease. An alkaline 
soil reaction, he states, was known definitely to favor disease development. 

On October 10, 1929, six soil samples were collected from each of five 
Cache Valley fields in which late blight was prevalent, and pH determined. 
The average pH values for each are shown in table 4. Values obtained 
agree well with those found by Gaumann (9) to favor late-blight develop- 
ment. These values are further fairly characteristic of Cache Valley soils 
as a whole, which, together with their high lime content, offer a possible 
explanation of the seriousness of late blight in the valley. Boxelder Connty 
offers a soil condition similar to that of Cache Valley and the Payson and 
Spanish Pork districts in Utah County, on which late blight was serious 
both in 1919 and in 1921, provide a soil rich in calcium. Sevier County, 
second only to Cache Valley in the severity of late blight, is generally known 
for its alkaline soils. The exact part played by soil reaction in the develop- 
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TABLE 4 . — Soil pE determinations of jive late-llight fields in Cache Valley, Utah, lQ2d, 

{^Samples collected Octol}er 10') 


Pield 

No. 

Location 

Average pH values (6 soil 
samples taken from 
each field) 

Probable 

error 

1 

South Logan, LTtah. 

7.511 

0.039 

2 

Hyde Park, ^ ‘ 

7.740 

0.54 

3 

South Logan, 

7.843 

0.056 

5 

South Logan, 

7.455 

0,079 

7 

Weston, Idaho 

7.585 

0.112 


nient of late blight remains a problem for the future. The disease may and 
does occur on soil not excessively alkaline and not rich in lime, although 
under certain conditions both may be considered as intensifying factors. 

Studies and observations in Utah since 1917 and especially those made 
in 1919 and 1921 indicate that late blight is more severe in late-planted than 
in early-planted fields. Poor cultivation and excess weed development were 
also correlated with late-blight occurrence. 

NATURE AND CAUSE OP LATE BLIGHT 

The exact nature and cause of late blight, whether of a parasitic or non- 
parasitic origin, have remained a major question in the minds of w^orkers 
ever since the trouble has been recognized as a specific disease. The para- 
sitic theory first came into prominence through the early work of Prank 
and has had its supporters both in continental Europe and in America. In 
general, advocates of the parasitic theory have attributed the trouble to 
Fhoma leiae, owing largely to the more or less constant association of this 
organism with the final root decay accompanying the late blight. Edson 
(2) goes so far as to suggest that this fungus, after attacking the beet in 
the seedling stage, remains in a dormant or semidormant form in the tissues 
of the growing beet and, finally, with decreased vitality of the host tissue, 
resumes activity, bringing about the dry rot so charact eristic of the late- 
blight trouble. So far as the present writers are able to learn, there exists 
no experimental proof of such a relation. 

Isolation work in Utah in 1919 and 1921 showed Fhoma leiae to be con- 
stantly associated wdth the rotting of the taproot following late blight. 
The same fact was experienced in 1929, and with but few exceptions P. leiae 
has been found associated with the root-rot stage of the trouble in this and 
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TABLE 5 . — Hesults of isolations from sugar l)eet root showing the typical root rot that 
follows or accompanies the late hlight. Diseased heets were collected 
during 1921 from various parts of Utah and Idaho 


Source of 
beets 

No. 

beets 

No. 

isolations 

Isolations showing 

No. mis- 
cellaneous 
organisms 

No. 

sterile 

Flioma 

betas 

Fusaria 




1921 




Greenville 

11 

48 

38 

2 

Y 

1 

West Field (Logan)... 

6 

29 

29 




Garland 

12 

48 

41 

2 

' 2 

3 

North Logan 

16 

64 

49 


8 

7 

South Logan 

12 

48 

42 

1 

3 

2 

Hoiieyville 

8 

16 

12 

2 

2 


Preston, Idaho 

4 

16 

14 

2 






1929 




South Logan 

24 

72 

57 



1 15 

i C i 1 

24 

72 

60 



12 

Hyde Park 

24 

72 

68 




Weston, Idaho 

24 

72 

45 



27 


other countries. On the other hand, no one has yet claimed to be able to 
produce experimentally late blight or root rot by inoculating strains of 
P. ietae into the tissues of healthy, growing sugar beets. In both 1921 and 
1929 the present writers obtained only negatiYe results from a large number 
of trials in which P. leiae w^as placed adjacent to both normal and wounded 
beet roots as they grew in the soil. Where beets were harvested and placed 
either in moist chambers or under favorable conditions in storage, decay 
from pure Phoma cultures was readily obtained. 

Under European conditions, particularly in G-ermany, Phoma hetae 
becomes associated with the leaf and petiole destruction characteristic of 
the early stage of the disease. In America, and especially under conditions 
as found in Utah, no such association occurs. Instead, the affected leaf 
tissues, if taken in the very early state of tissue collapse, are found entirely 
sterile. Isolations were made in 1921 from 224 lat e-blight leaves in the 
early stage of tissue collapse representing in all 112 sugar beets. Out of 
the 224 leaves, 219, or 95.5 per cent, were sterile ^ five gave species of 
Alternaria. Table 6 gives additional and similar results obtained in 1929. 

Nearly all workers have become convineed that, in general, Phoma let ae 
is, at most, a weak parasite, capable of causing root rot or leaf destruction 
only after the normal resistance of the beet has been seriously impaired. 
Even Frank (7, 8), the most vigorous exponent of the parasitic theory, 
states that the parasitism of P. letae is associated intimately with, if not 
dependent upon, the predisposing effect of dry soil and dry weather. 
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TABLE 6. — Besiilts of isolatiojis made from typical late Uight leaves of sugar loeet 
during the early stage of tissue collapse 19^9 


Source of lea%^es 

No. leaves 

No. isolations 

Organisms 

Sterile 

Soutli Logan 

24 

72 


72 

C £ £ £ 

24 

72 


1 72 

£ £ £ f 

24 

72 


1 72 

Greenville 

1 

24 

72 


72 

Hyde Park 

24 

72 


72 

Weston, Idaho 

24 

72 

1 

71 




Alternaria 



The absence of positive experimental evidence supporting the parasitism 
of Phoma hetae, the frequent occurrence of late-blight condition unasso- 
ciated with any root rot as reported from Utah and also by Hollrnng (10) 
and others, together with sterile conditions of blighted leaves of late-blight 
plants, argue strongly against the parasitic theory of origin. Again, P. 
hetae may become associated with other diseases which weaken the resis- 
tance of the taproot quite as readily as does the late blight. Other fungi, 
especially species of Fusarium, may be the first invaders under late-blight 
condition, even to the exclusion of P. l)eiae. 

The more recent observations and research support definitely the non- 
parasitic concept of the origin of late blight. A number of workers have 
consistently maintained that late blight is definitely a nonparasitic disease, 
induced through some maladjustment of the plant to its ph^^sical environ- 
ment, Various theories explaining these maladjustments have been pro- 
posed, although the views concerning the more exact nature of the etiological 
factors have been and still are extremely diverse. 

As previously indicated, a number of workers, Graiimann (9), Kruger 
and Wimmer (16), Murphy (18), and Esmarch (3) attributed the trouble 
to an unfavorable soil reaction, especially one tending toward alkalinity. 
Murphy (18) states that for practical purposes it may be said that late 
blight is eoiifined to soils with considerable lime; Esmarch (3), while em- 
phasizing drought as the primary factor, persists in his emphasis of alkalin- 
ity as a contributing cause. In liis suggestions on control this writer states 
that lime and liquid manure are to be avoided and that preference should 
be given to acid fertilizer. 

Experiences in Utah indicate that soils of an alkaline reaction and pos- 
sibly those heavy in lime may encourage the disease, although it is evident 
that these factors alone cannot be held as primary in their causal relation. 
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The organic content of the soil is of undoubted importance in inducing 
late blight, although just how it influences the development of the disease 
is by no means clear. 

Excess organic matter, as shown by the observations made in Utah, 
favors the trouble. Gaumann (9) also points out the danger of high 
organic content, and Stift (26) reports observations of Kiehl and Schonsky 
to the effect that green manure and clover cropping are both factors to be 
avoided where late blight is a menacing factor in sugar-beet production. 
On the other hand, observations of Esmarch (3), Stift (27), and Eichards 
(20) have emphasized the importance of a lack of organic matter as a 
factor favoring late blight. In general, the disease in Utah during the 
epidemic years was most severe on compact soils low in organic matter, 
especially following a long period of cereal cropping. From such observa- 
tions it would appear that the organic content of the soil is not a factor 
contributing to the disease directly, but possibly only indirectly, both when 
in excess or w^hen absent, through its influence upon the water -holding 
capacity of the soil. 

As to the direct bearing of the fertility of the soil on the production of 
late blight there appears a great diversity of opinion. Frank (8) found 
that fertilization with Chile saltpeter promoted the disease. Stift (26) 
reports late blight following the use of liquid manure and explains that the 
rapid early growth induced by liquid manure and saltpeter lessens the 
power of the plant to withstand subsequent drought periods and that such 
rapidly growing plants succumb to drought more readily than plants more 
I'etarded in their growth, Kruger and Wimnier (16) claim to be able to 
produce heart rot in culture vessels and maintain that the disease can be 
definitely controlled by the use of such fertilizers as will most nearly cor- 
rect the alkalinity of the soil. As a result of their work these writers sug- 
gest that heart rot is due essentially to the absence or presence of certain 
soil constituents and, with suitable amendments in sufficient amounts, they 
can definitely overcome the disease. While the results of these latter 
workers are suggestive, there is no assurance that the disease produced in 
their culture vessels or the heart rot described by Gaumaiin is identical 
with the late blight as it occurs under such a variety of conditions in nature. 

Stew^art and Pittman (25) determined the existence of a definite rela- 
tion betw^een wiiat they designate as “late root roU’ and high soil fertility 
maintained by use of stable manure. These w^riters intro cluee for the first 
time the term late root rot and in no Avay relate it to any known disease of 
the sugar beet. Their description, which, while no doubt including late 
blight, is so general as to render identification impossible. In fact, it would 
appear that what they discuss is a root-rot complex possibly consisting of 
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the seyeral known rots, even involving the damping-off or root blight of 
seedlings, which they claim by use of general field-survey methods to be 
able to recognize as late as the first of July. Owing to this evident con- 
fusion, the data provided by these writers add little, if anything, to the 
understanding of the 1 at e-blight situation. 

The indirect or secondary relation of soil fertility to the late-blight 
situation during 1921 is clearly showm in the performance of the 2.5-acre 
field in Greenville during the subsequent season of 1922. As related (p. 296 
of text; Pig. 3 A, B), the beets in this field were severely affected in 1921. 
In the autumn of 1921, after the beets were harvested, one third of the 
field was heavily fertilized with stable manure (20 loads per acre), one 
third lightly manured (6 loads per acre), and one third left iiiimanured. 
Beets were planted under comparable conditions in 1922 on all three divi- 
sions, and the cultural practices were made as nearly uniform as possible. 
No sign of late blight appeared on any of the three divisions during the 
entire season of 1922. The fertility of the one third left unmanured was 
no doubt lower in 1922 than in 1921, yet no disease was evident. The per- 
formance of this field was typical of the complete clearing up of the disease 
in 1922 on soils of all types either of low or high fertility. 

High soil fertility may influence the development of late blight vari- 
ously; either by directly and adequately supplying required nutrients, 
thereby resulting in greater vigor and possibly greater resistance of the 
beet to drought and other weakening influences, or equally indirectly, if 
obtained by the supplying of manures by increasing the water-holding 
capacity of the soil. As an immediate cause of late blight or as a universal 
cure (25), its influence is clearly challenged. 

From a study of the literature it is evident that the late-blight problem 
is one of extreme complexity and that the peculiar condition or set of con- 
ditions directly responsible for the disease at the present time remains 
obscure. On the other hand, the majority of writers relate the disease 
either directly or indirect^ to an unbalanced water relation in the plant, 
induced locally by dry soil or over wide areas by warm, dry weather. Even 
such contributors as Frank (5, 6, 7, 8), Gaumann (9), Kruger and Winimer 
(16), Edson (2), and Murphy (18), who hold other factors as primary, 
recognize the water relation as an important preconditioning factor. 
Others, Hollrung (10), Kiehl (12), Kichards (20), Schander (22, 23), Stift 
(26, 27) and Esmarch (3), hold the view of a more direct etiological rela- 
tion of the shortage of soil and atmospheric moisture to the disturbed 
physiology of the sugar beet here described as late blight. 

Stift (27), in writing the history of the heart and dry rot, summarizes 
as follows: ''Practical experiences have shown that it is indisputable that 
the heart and dry rot is always a consequence of summer drought, and, as 
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a matter of fact, the amoiint of rain (in its sum and even more in its dis- 
tribution in the months of July and August) above all else determines the 
occurrence of the disease.’’ Kiehl (12) states from his observations that 
even though the disease develops during a wet period, ^‘its beginning rests 
on a preceding period of drought.” Esmarch (3) in 1928, as will be re- 
called, emphasizes not only the dry season but details the local soil and 
cultural relations which determine drought relations of the soil and subse- 
quently the water balance in the plant. Sehander (22) points out that the 
eastern provinces of Germany, especially Posen, are more subject to dry 
rot of the beet, owing, as he states, to ^^the more frequent and destructive 
dry periods in the summer characteristic of their continental climate.” 

SUGGESTIONS FOR CONTROL 

During the time that late blight has been under observation, recom- 
mendations for its control have been quite as numerous and quite as diver- 
gent as the theories presented in explanation of its cause. Some writers 
have advocated certain '‘cure-alls,” such as the addition to the soil of a 
single chemical, barnyard manure, or a specific brand of commercial ferti- 
lizer. Others assume complete reliance on the correction of soil alkalinity; 
still others emphasize the necessity of the prevention of excessive early 
plant growth. Too often, however, such specific recommendations are the 
result of limited observations or experiments confined to a restricted soil 
type or locality. Kecommendations w^herein any single amendment or oper- 
ation is considered as the only factor which needs be considered by the 
farmer in the control of late blight and subsequent root rots of the sugar 
beet must be seriously questioned. It is evident that late blight provides 
an extremely complex situation and each field, each soil type, and each 
locality possibly offer a specific problem in control. Especially is this true 
in such drought years as occurred in Utah in 1919 and 1921. 

In view of the facts and observations relating to late blight, particularly 
in Utah, it would seem that the most hopeful solution lies in the policy of 
resorting to such cultural practices as will give the young beet an early, 
vigorous start and guarantee its continued and uninterrupted grovdh at 
such a rate as will most adequately bridge the critical period between June 
and August, during which time beets appear to succumb most readily to 
late blight. Such practices would involve the factors of soil fertility, soil 
tilth, adequate cultivation, early planting, and, earlier, lighter, and more 
frequent irrigation. Anj^ practice that will increase the water-holding 
capacity of the soil will undoubtedly aid in the solution. Certain features 
no doubt are to be avoided, particularly delayed irrigation and such prac- 
tices as would influence adversely the power of the soil to retain its 
moisture. 
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Facts indicate that even with the best cultural practiees^ there is no 
guarantee that late blight can be completely prevented in epidemic years. 
Germany and other European countries, with their high cultural and fer- 
tility standards attained after years of experience, still face an unsolved 
late-blight or dry-rot problem. However, much can be done to prevent the 
serious losses during epidemic years and possibly to eliminate entirely the 
losses which, through carelessness in cultural practices, mark the more 
favorable years for sugar-beet growth. 

SUMMARY 

1. Late blight of the sugar beet is of nonparasitic origin and is charac- 
terized primarily by a rather sudden collapse of the leaf tissue. It may 
not be accompanied by the dry or Phoma rot usually thought to be the 
characterizing feature of the disease. 

2. The root rot that usually accompanies or follows leaf collapse is 
induced in Utah primarily by Phoma 'beiae., which attacks the root only 
after the resistance of the beet is seriously impaired. Under conditions of 
continued drought it may not follow leaf blight as an important feature 
of the trouble. 

3. Late blight in Utah is correlated in its occurrence with abnormally 
low precipitation during June, July, and August. In 1919 and 1921, when 
the disease appeared in epidemic proportions, the precipitation dnring these 
three months was especially low. 

4. Experience has showm that late blight might be induced locally any 
season by culture practices, wdiich results in poor soil tilth, low soil fer- 
tility, or siich conditions as might seriously disturb the water balance of 
the plant. 

5. Excess alkalinity, high calcium, and high organic content of the soil 
espeeiallj^ combined with lack of moisture appear as intensifying factors in 
late-blight production. 

6. The exact nature and cause of late blight remain obscure, although 
the available evidence justifies the conclusion that the disease results in 
general from nutritional disturbances induced directly or indirectly by an 
unbalanced 'water relation of the plant. 

7. The control of late blight is a complex problem and methods may 
vary for each soil type and locality. Under Utah conditions hope lies 
primarily in so perfecting culture practices as to bridge over the critical 
period of June, July, and August when the young beets, especially in 
epidemic years, become definitely weakened and stunted and to create such 
a condition as will most nearly promote vigorous and uninterrupted growth 
throughout the entire year. 
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THE HOST PLANTS OF THE “BURRO'WING” NEMATODE, 
TYLENCHUS SIMILIS" 

G.H.Gtodprey 

INTRODUCTION 

The so-ealled burrowing nematode, Tylenchus similis Cobb, has been 
known heretofore as a serious pest only on banana, Musa sapientumy and 
sugar eane, Saccharum officinarum. Banana was mentioned as the host 
plant in Fiji, in connection with the original description of the organism 
by Cobb (4). This host has since been reported by Illingwwth (8) as 
being seriously affected by Tylenchus sp. unidentified in North Queensland, 
Australia; and by Cobb (5) in Jamaica. In cane the nematode parasite is 
seriously abundant throughout the Hawaiian Islands (3, 4, 11) and has also 
been reported (2) from the Philippine Islands, Ja^a, South India, and For- 
mosa. Zimmerman (16) in 1898 described one of the nematodes parasitic 
on the roots of coffee, Goffea arahica, in Java as a ne\Y species, T. acuto- 
caudaius. From his description and figures it seems clear that his species 
should correctly be referred to T. similis, as has already been suggested by 
Cassidy (2). The nematode also has been reported by Muir and Hender- 
son (11, p. 245) as occurring on nut grass, Cyperus roiundus, in the 
^ 'nuts'’ or tubers of which it produces brown lesions. In the course of the 
present investigation, this host has been observed repeatedly, wuth striking 
lesions and an abundance of T. similis. The nematode is not sufficiently 
destructive, however, to be materially helpful in eradicating this trouble- 
some sedge weed. Cassidy and van Zwaluwenburg (3) have reported it on 
pigeon pea, Cajanus indicus, and on the roots of pineapple, Ananas sativus. 
Menzel (10, pp. 18-21) reports T. similis on tea, Thea sinensis, in the Dutch 
East Indies. The present paper comments on pineapple infestation and 
reports two new hosts, edible canna, Canna edulis, and sweet potato, 
Ipomoea hai^adas, with a description of symptoms which are somewhat dif- 
ferent from any that have been described in connection wuth other hosts. 

STATUS OF TYLENCHUS SIMILIS WITH REGARD TO PINEAPPLES 

The pineapple is probably at most but a minor host of this species. The 
Nematology Laboratory of the Experiment Station of the Association of 
Hawaiian Pineapple Canners has never found it in the roots of pineapple 
plants from the field even though thousands of plants have been examined. 
Artificial Inoculations with nematodes from both edible canna and nut 

^ Technical paper No. 16 of the Experiment Station of the Association of Hawaiian 
Pineapple Canners, University of Hawaii. 
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grass demonstrated the possibility of penetration of roots by the nematodes, 
blit only slight lesions developed and infection did not spread. It is very 
possible that under field conditions, in pineapple plantings following in- 
fested sugar cane, slight infection may occur which probably never persists 
to a serious degree. Another species of Tylenchus, T. 'brackyurus Godfrey 
1929 (7), distinetl}^ different from T. similiSy is the predominating species 
found in pineapples and is of distinct economic importance. 

OCCURRENCE ON EDIBLE GANNA AND SWEET POTATO 

Ripperton (13, 14) has discussed edible canna as being a crop of some 
commercial promise in these islands. Recently, this crop was studied from 
the standpoint of nematode resistance, by request of Mr. Ripperton, 
to determine its possible usefulness as a rotation crop with pineapples. In 
connection with these studies, lesions on roots and underground stems 
(corms) were found heavily infested with T. similis. Sweet potatoes were 
found nearby that were likewise infested. Both crops, which were grow- 
ing only on a small field scale, were in an area that was formerly in sugar 
cane, It is likely that the cane, a highly susceptible host of this nematode, 
was the origin of the infestation. Brief mention of this finding was re- 
ported early in 1929 in the local organ of the Hawaiian pineapple industry. 

Symptoms : The symptoms produced by the nematode in edible canna 
are characterized by irregularly shaped, dark brown to nearly black spots, 
varying from a few millimeters to 5 centimeters in diameter and from 2 to 
10 millimeters in depth. The surface of spots becomes hard, tough, and 
leathery, and is somewhat flattened in contrast with the uniformly rounded 
surface of unaffected areas. In the growing plants it is necessary to tear 
off leaf sheaths, thus exposing the surface of the corm, in order to distin- 
guish clearly the limits of a lesion. Superficial longitudinal crackings fre- 
quently occur through a spot infested with Tylenchus. A cross-section 
through a lesion shows a collapsed area of dead tissues, black in color and 
somewhat leathery, underlaid and bordered with finely granular brownish 
tissues merging gradually into the normal white of healthy tissues. Roots 
are likewise affected, the symptoms here being dark brown lesions up to a 
centimeter or more in length, nearly or completely surrounding the rather 
large roots (3 to 4 mm. in diameter). Roots are easily broken off in the 
affected region, and cases were seen in which they were rotted completely 
through. Occasional roots growing on a portion of the corm that has be- 
come involved by a large lesion are killed outright. Symptoms on both 
corms and roots are shown in figure 1. 

Symptoms in sweet potato were very similar but not so sharply marked 
as in the edible canna. The spots observed were smaller and not so deep. 




Fig. 1. Symptoms of Tylenclius similis in edible canna. Note large dark lesions 
aecompanied by cracking in tlie eorm, and lesions in roots. Note also tliat one root, 
issuing from the middle of a large corm lesion, is shriveled and dead. Drawing, about 
natural size, by Armena Eller. 
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Heretofore symptoms of disease produced by T. similis have been de- 
scribed as occurring only on roots. The finding of seats of infestation in 
corms and fleshy roots, used as seed material, introduces a new factor of 
importance into the study of the disease. Incidentally, symptoms on nut 
grass are very similar to those described for edible eanna, except, of course, 
on a much smaller scale, due to the small size of the nut-grass tubers. Fig- 
ure 2 illustrates typical symptoms in nut grass. 



!Fig. 2. A, symiDtoiiis of Xylenchus similis injury in nut grass; surface and sec- 
tional views of nut-grass tubers. The discolored regions near the surface are lesions 
permeated with nematodes. B, Tylenchus similis in edible eanna. Pliotomicrograpli of 
hand radial section through conn lesion, the section having been killed in riemming^s 
solution, dehydrated, and cleared in clove oil; a, blackened periderm over lesion; b, cor- 
tex; c, Tylenchus similis adults and larvae; and d, eggs in the plant tissues. Magnifi- 
eatioii about 10 diameters. 

Eco7iomio Tmporiance : Of tlie edible cannas, more than half of the sev- 
eral dozen random conns examined were infested. A smaller proportion 
of the sweet potatoes showed symptoms. It is not known how extensively 
the disease may occur elsewhere than in the particular field on Oahu, where 
it was found. It is very possible that this was only a chance infestation 
following’ infested sugar cane under conditions particularly favorable for 
transmission. There is reason to believe, however, that this particular 
sequence would continue to develop the disease in these two crops. Edible 
cannas grown in pineapple rotations on other Oahu fields showed none of 
the disease. Corms sent to the station from a large commercial planting 
at Waimea, on the island of Hawaii, showed some root knot caused by the 
nematode Heterodera radicicola but no T. similis. 

It would seem that this nematode might become a serious pest in eanna 
or sweet potatoes if culture were continued on the same infested field for 
some time. A secondary loss might follow from the fact that the presence 
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of the lesions hastens the deterioration of the corms and roots in storage. 
A dry rot has been found spreading inward from lesions on materials that 
were held for some time in the laboratory. 

THE CAUSAL ORGANISM 

The nematodes are very abundant in diseased tissues of edible canna. 
Under resting conditions, which seem to occur when the corm is not actively 
growing, the organisms are frequently crowded together beneath the hard- 
ened leathery layer of dead cells which forms below the epidermis. During 
activity they are found migrating into the deeper tissues and into the ad- 
vancing edges of lesions. The condition is essentially the same in sweet 
potato and nut-grass lesions. Living organisms are readily obtained in 
large numbers by breaking open typical lesions in S;^"racuse dishes of 
water. Adult females and males, larvae in all stages of development, and 
eggs are found together in the host tissues. In a portion of one lesion ex- 
amined the proportion of adult males to adult females -was about one to 
ten. In another the proportion of males was considerably larger. 

A comparison of measurements follows : 

MEASUREMENTS OF TYLENCHUS SIMILIS PROM EDIBLE CANNA 
AND NUT GRASS 


Edihle canna Isut grass 


(Average of 10 adult females) 
Decimal formula, 

2.7 11.6 14.5 55.6 88.8 

0.696 mm. 

2.3 3.1 3.2 3.5 2.4 

De Mail formula, L, 0.696 mm.; a, 28.6; 
b, 6.9; c, 8.9 ; V, 55.6 per cent 

(Average of 8 adult males) 
Decimal formula, 

2.3 11.3 14.7 M 88 

0.654 mm. 

1.9 2.8 2.9 3.4 2.4 

De Mail formula, L, 0.654 mm.; a, 29.4; 
b, 6.8; e, 8.3 


(Average of 2 adult females) 
Decimal formula, 

2.6 12.6 15.0 58 89 

— 0.676 mm. 

2.6 3.3 3.4 3.8 3.0 

De Man formula, L, 0.676 nmi.; a, 26.2; 
b, 6.65; c, 9.1; Y, 58 per cent 

(Average of 4 adult males) 
Decimal fornmla, 

2.2 12.5 15.0 M 88 

— 0.730 mm. 

2.0 2.7 3.0 3.4 2.6 

De Man formula, L, 0.730 mm.; a, 29.2; 
b, 6.7 ; c, 8.3 


These measurements, as well as the detailed analyses, coincide almost ex- 
actly with Cobb ’s description (5), so there can be no doubt as to the correct 
diagnosis as T. simiUs. Cobb’s excellent drawings of both male and female 
make further drawings of complete anatomical details unnecessary. 


HISTOLOGICAL STUDIES 

The advance of the nematodes through host tissues appears to be purely 
mechanical. In histological sections (the materials having been killed 



320 


Phytopathologt 


[Yol. 21 


quickly by imraersing in killing solutions at about 55° C.), organisms may 
be seen coiled witkin single cells whose normal contents have disappeared 
or they may be ontstretched within one or more cells or between cells, 



Pig. 3. Semidiagrammatic camera-lueida drawing of paraffiin section, 10 [n tliick, 
through border tissue of edible eanna-Tylenehus lesion; shows particularly the complete 
breakdown of cell contents, and the breaking of cell walls, due, apparently, to the me- 
chanical activity as well as the feeding of the invading organisms. Note' in one spot 
apparently uninjured host cells immediately bordering on cells that have been invaded. 
Magnification about 70 diameters. 

promisenonsly (Fig. 3). There is evidence that their movements have been 
more or less violent, as the walls have been broken and displaced. Cases 
were observed in which a constriction to one-half of the body diameter was 
evident at the point of penetration tlirongh the host-plant cell wall (Fig. 4) . 
This would indicate that considerable pressure had been brought to bear 
on the walls opposite, in the act of penetration. Many cases, in prepared 
slides, w^ere observed in which healthy appearing cells, with nuclei intact, 
immediately bordered upon broken-down cells with nematode traces pres- 
ent. Fungi are frequently’- found associated with advanced nematode 
lesions, hut they are not invariably present. In none of about twenty slides 
of rot-free canna comas showing lesions were there any traces of fungi pres- 
ent within the lesion. Figure 2, B, illustrates the location of nematodes in 
the plant tissues. It is a photomicrograph of a free-hand section about 1 
mm. thick, stained and cleared in clove oil, according to Arzberger’s 
method (7). 
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lesion, to show constriction in body of nematode as it advances throug’h small hole in 
cell wall. This would seem to indicate violent activity on the part of the nematode. 
Magnification about 180 diameters. 

SUGGESTED CONTROL 

Obviously, diseased canna corms and sweet potatoes used for seed stock 
provide a sure means of spreading the disease to new localities. If plant- 
ings on a large scale are to be made tlie planting stock should be thoroughly' 
inspected and only seed materials known to be free from the disease should 
be used. 

If the emergency arose, in all probability an etfeetive hot-water treat- 
ment could be developed for slightly affected seed corms and sweet pota- 
toes. With similar diseases in other crops in which the infesting nematodes 
lie relatively near the surface, such treatments have been worked out which 
kill the nematodes without hurting the ‘^seed.” Eamsbottom (12) devel- 
oped a satisfactory hot-water treatment for the control of T. di'psaci in nar- 
cissus, and van Slogteren (15), independently, and at about the same time, 
developed similar treatments for the same nematode in both narcissus and 
hyacinth. He wrote several papers on the subject only one of which (in 
English) is here referred to. Byars (1) was successful in killing Tylen- 
chulus semipeneirans in citrus nursery stock ■with hot-water treatments. 
Godfrey (6) reports successful treatment of the root-knot nematode, 
Heterodera radicicola, in dasheen {Colocasia antiqiioriim) , by the same 
method. Locklin and Newton (9) summarize the recommendations for 
treatment of narcissus and point out the need for care as to time of appli- 
cation. They likewise give useful citations to literature on the subject. 

A further precaution in connection with prospective commercial plant- 
ing would be the avoidance of lands previousl^^ in Tylenchus-inf ested sugar 
cane or bananas. 

SUMMARY 

This paper lists the previous known hosts of the burrowing nematode,. 
Tylendms similis^ and adds edible canna, Camia edulis, and sv^eet potato^. 
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Ipomoea Itatatas, as two new hosts of importance. Symptoms prodncecl on 
these new hosts are irregularly shaped, dark brown to black spots varying 
from a few millimeters to 5 centimeters in diameter and from 2 to 10 milli- 
meters deep. Roots are likewise affected, as with the previously reported 
hosts. The presence of the lesions on corms hastens their decay in storage. 
Symptoms on nut grass, Cy perns rotundus^ a previously reported host, are 
similar to those just described. The writer has never found this species 
of Tylenchus in pineapple, Ananas sativus. Control measures are sug- 
gested. 

Experiment Station, Association of 
Hawaiian Pineapple Cannees, 

Honolulu, T. H. 
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SOME TECHNIQUE USED IN THE STUDY OF THE EOOT-KNOT 
NEMATODE, HETERODERA RADICICOLA^ 

G* H. Godi’reys 

INTRODUCTIOISr 

Many investigations (including some by the 'writer) on the root-knot 
nematode have been based upon either diseased roots or naturally infested 
soil as inoculum. In either case life-history stages were not controlled, and 
results, therefore, were not of so fundamental value as was desired. Me- 
Clintock (5), working on the effects of various poisons on Heterodera eggs 
and larvae, developed a fairly satisfactory technique for laboratory-scale 
investigations. His use of agar media, however, favored the development 
of bacteria which vitiated his results. Many other workers have, no doubt, 
used similar methods. In the course of various studies in Hawaii on life 
history, pathogenicity, environmental relations, and control of the root- 
knot nematode, it became necessary to regulate the inoculum precisely. It 
was the aim to obtain in any desired quantity at any time eggs in suitable 
stages of development or active, vigorous larvae in relatively pure culture. 
Special technique was therefore developed which made this a simple matter. 
It is thought that the complete procedure recorded herein may contain 
enough that is new to make it of value to investigators of the root-knot 
problem. 

SUMMARY OF LIFE HISTORY 

To facilitate the clear exposition of this technique, some aspects of the 
life history of the organism are first briefly summarized. Primary infec- 
tions are always brought about by larvae which have not grown since hatch- 
ing. Invasion is always through tender tissues of the plant, usually near 
the growing point of the root. Once inside the root, the nematode migrates 
through the cortical tissues and establishes itself in a more or less fixed 
position, with the body in the cortex and the head upward and inward near 
the phloem region. Thus the organism lies as a rule, in a diagonal position, 
with its tail nearest the surface. Figure 1, A, a photomicrograph of an 
infested tomato root, with nematodes stained and the root cleared in clove 
oil (method: 3, p. 624) illustrates this relationship. As the nematode 
grows it becomes greatly enlarged, compressing the plant tissues to some 

1 Technical paper No. 17 of the Experiment Station of the Association of Hawaiian 
Pineapple Canners, University of Hawaii. 

2 Grateful acknowledgment is made of credit due Miss Helene T. Morita and Miss 
Juliette Oliveira for technical assistance in the development of the technique described 
in this paper. 


323 



324 


Phytopathology 


[VoL. 21 



Pig. 1. A. Longitudinal section of primary nematode infestation in tomato root. 
The section, about 1 mm, thick, was killed in Flemming's solution, dehydrated, and 
cleared in clove oil. Note the uniform arrangement of the nematodes in the tissues, 
with the head ends buried in the outer periphery of the stele, and the bodies entirely 
within the* cortex. Magnification about 8 diameters. B. The beginning of secondary 
nematode infestation in the tomato root. Cross section, about 1 mm. thick, of a tomato 
root gall, cleared as described in the text, showing — a, body of old female, no longer 
Kving at time of fixation; &, egg masses, where originally dei^osited; c, migrating larvae, 
recently hatched from egg masses; d, small branch rootlet. Magnification about 15 
diameters. 

extent, and its candal end approaches the surface. As the first macroscopic 
sign, of maturity, the by this time almost spherical female extrudes a gela- 
tinous substance from the vulva. Very soon after, eggs appear, embedded 
in the center of the gelatinous matrix. Eggs continue to be extruded by 
the female until eventually the gelatinous egg-mass'^ or ootheca is as large 
as or larger than the body of the female from which it came. If develop- 
ment has been rapid, the developing egg mass often bursts through the side 
of the root and appears as a yellowish semitransparent body closely at- 
tached to the root. Often under favorable conditions, the ground having 
been heavily infested and temperature favorable, such egg masses attached 
to roots can be seen in great numbers on a single plant. (Fig. 2.) 

The time when this stage is reached is an important consideration. 
Temperature is an important factor in this. Tyler (7), in a preliminary 





Fig. 2. A. Cowpea root lieavily infested with, the root-knot nematode, showing 
abundant protruding egg masses. About natural size. B. Individual cowpea root 
magnified to show the nature and abundance of the protruding egg masses. Scale in 
millimeters. 


report, promises some exact information on tlie influence of temperature 
on length of life history. Within the range of tolerance of the nematode, 
the length of life history (from first penetration of the host plant root to 
maturity) shortens as the temperature increases. Under average crop 
conditions, where nematodes occnr, first-egg production may he expected 
in from 20 to 30 days, depending upon soil temperature. With favorable 
conditions, egg deposition continues 10 days or longer. 

Temperature has another impoi'tant effect in connection with our tech- 
nique. It influences the type of root growth, the resultant of host-parasite 
relations. This was demonstrated by the writer’s earlier study of tempera- 
ture in relation to root knot (2). In figures 8 and 9A, that paper, are 
illustrated tobacco roots grown in infested soil at 25° C. with egg masses 
protruding in abundance, and another root grown at a lower temperature 
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(19° C.) in wliiclL larg*er galls developed and no egg masses were evident on 
the surface. Under the latter conditions, eggs are produced within the 
root, a condition not desirable from the point of view of our technique. 
Probably the ease recorded by Steiner (6) of superficial appearance of the 
root-knot nematode on the roots of freesias, and other similar observations, 
are explainable in part, on the basis of temperature. I have seen numerous 
instances of similar development of root knot on a wide range of cultivated 
plants and weeds growing in warm soil. 

Internal egg masses are likewise produced in the ease of secondary in- 
fections. Larvae arising from first-generation eggs sometimes migrate 
through the host tissues to another location within the same root, where 
they establish themselves and develop normally. Figure 1, B, illustrates 
such migration of the second generation, in tomato roots. Such is the 
material an investigator deals with when he uses roots with irregular large 
galls (2, p. 226) as source of inoculum. Nematodes in all stages of de- 
velopment are always to be found, and they are released from the plant tis- 
sues only gradually and through a long period. 

OBTAINING EGG MASSES IN QUANTITY 

After the foregoing discussion, it is evident that it is possible to attain 
the desired goal, viz, an abundance of superficial egg masses at any speci- 
fied time, by judicious regulation of conditions. As the first steps in our 
technique then, (1) pots, flats, or isolated plots of good friable soil are 
prepared, the soil temperature to be 22° C, or higher; (2) seeds of a suit- 
able susceptible host plant (we have used 'Whippoorwill and Groit cowpea 
Yigna sinensisj, to good advantage) are planted; (3) the soil around the 
plants is inoculated heavily at sprouting time with H. radicicola larvae 
(method for obtaining which follows); (4) good growing conditions are 
maintained. 

By daily removal of a plant or two and examination of roots, it is pos- 
sible to obtain organisms in abundance in any desired stage of development. 
Males are obtained in great numbers by washing the carefully removed 
roots, a day or two prior to maturity of the females, and screening the 
washings from the roots through a 100-mesh or finer sieve. Nonsegmented 
eggs in quantities are obtained by dissecting egg masses the day they first 
become evident or on the day after. Examination of roots for this purpose 
begins on about the twentieth day or earlier, if the soil is unusually warm. 
Later examinations, up to the 35th day, or even later, usually disclose an 
abundance of roots covered with egg masses. In this instance, one piece 
of root about an inch long, shown in figure 2, B, had about 200 egg masses 
attached. A single plant, such as that shown in figure 2, at this rate had 
approximately 4,000 egg masses attached, each containing between 500 and 
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1,000 eggs. (As many as 1,300 were found in one egg mass in this labora- 
tory.) This offered potentialities for between 2 and 4 million new infec- 
tions! 

Egg masses a week or more old invariably contain eggs in differ- 
ent stages, varying from nonscgmented to fully developed larvae, and 
usually many newly hatched larvae as well, A continuous supply of such 
egg-mass material is maintained by planting a succession of cowpeas at in- 
tervals of two weeks or thereabouts in a plot of ground set aside for this 
special purpose. 

TECHNIQUE 

Eggs: If one wishes to work with eggs, for chemical or environmental 
studies, it is possible to select them and pipette them out from a Syracuse 
dish of water resting on the stage of a binocular dissecting microscope. A 
fine-drawn capillary pipette, either with a rubber bulb or with a thistle- 
tube head covered with a thin rubber membrane, is necessary for this. By 
first drawing in only a little water, individual eggs, dissected out with 
needles, are lifted and mounted at will. For more extensive studies, egg 
masses in wEicli the eggs are protected to a degree by the thick gelatinous 
matrix are readily removed and handled individually or by hundreds or 
thousands. 

Larvae: A study of the larvae demands the incubation of eggs under 
conditions favorable for hatching and for maintenance of vitality in the 
newly hatched larvae. For small-scale studies egg masses, washed in a few 
changes of water or even surface-sterilized, are mounted in hanging drops 
of water or placed in small Syracuse dishes and left in a moist chamber to 
prevent evaporation. Aeration is necessary, for eggs will not hatch with- 
out sufficient oxygen. Hatching starts in from a few hours to several days, 
depending upon the stage of maturity of the contained eggs and upon tem- 
perature. Any temperature between 24° and 28° C. is favorable for rapid 
hatching. It is necessary to change daily the water surrounding an egg 
mass to avoid development and accumulation of putrefying bacteria. 
When this is done, 100 i^er cent hatch from an egg mass is often obtained. 
Hatched larvae, removed with the water, are placed in a small beaker in 
the ice box, at 8 to 12° C., and the daily accretions added thereto. Calcu- 
lations of total hatch are made by counting the daily hatch as it is removed. 
Usually not more than 10 days or two weeks are rei^uired for the practically 
complete hatching of eggs in an egg mass. The product of one or two or 
of many egg masses is thus obtained for experimental work. 

Very much more extensive work with newly hatched larvae numbering 
millions can be accomplished by altering the method of hatching egg 
masses. This has been accomplished in the writer’s laboratory by select- 
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ing a large number of roots with the egg masses well developed, washing 
them gently, to free them from excessive adhering soil and contaminating 
nematodes, and placing them on woven-wire screens in covered dishes con- 
taining a small q.uantity of water. The water must be just sufficient to 
barely reach the screen and keep the roots moist by capillarity. The larvae 
then hatcli, migrate to the screen and thence to the water. With the right 
kind of root materials a tremendous ‘"hatch” is often obtained in a very 
short time. In an overnight period the writer has often obtained a sus- 
pension of larvae sufficient to make it distinctly milky in appearance. By 
setting the same roots several times subsequently, each time over fresh 
water, additional large quantities of larvae are obtained. This process is 
suggestive of the well-known Baermann method (4, pp. 90-92) of isolating 
animal-parasitic nematodes (funnel with rubber bulb and clamp), which 
method can, indeed, be used at this stage. 

A suspension in a beaker or a tall cylinder of water may be concentrated 
by allowing it to stand an hour or more, sufficient time to permit the larvae 
to settle to the bottom, and then decanting. The larvae are so small and 
light that they stay in relatively uniform suspension for several seconds 
after the suspension is thoroughly roiled. The numbers in aliquot parts 
of such suspensions are counted according to the methods described in de- 
tail by Cobb (1). This gives a basis for determining volume and concen- 
tration of the suspension to use in order to obtain approximately the num- 
bers of larvae desired for specific operations. 

DISCUSSION 

By these methods, then, Heterodera material is readily made available 
in various stages of development and in any desired quantity, for research 
work. By way of comparison with these controllable stages, infested roots 
containing eggs and larvae may be used in parallel experiments. With 
such roots the organisms are protected from immediate contact with the 
external environment and are therefore more resistant to unfavorable soil 
conditions and to specific control measures. Studies of the organisms in 
an infested garden or field must take this into consideration. 

SUMMARY 

This paper details specific methods used to obtain for experimental pur- 
poses an abundant supply of egg masses and larvae of the root-knot nema- 
tode, jff. radicicola. To clarify the exposition of this technique, the life 
history of the organism is briefly reviewed, special emphasis being placed 
on the influence of temperature on rate and manner of development. Koot- 
knot-susceptible cowpeas grown in warm, heavily infested soil, develop an 
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abundance of superficial egg* masses. These are removed and '‘incubated’’ 
separately on slides or in Syracuse dishes; thus freshly hatched larvae suit- 
able for laboratory studies are obtained. For large-scale operations, roots 
containing egg masses in abundance are incubated in bulk and larvae are 
obtained by the millions. 

Experiment Station, Association op 
Hawaiian Pineapple Canners, 

Honolulu, T. H. 
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"BUCKSKIN,” A DESTRUCTIVE GRAFT-INFECTIOUS 
DISEASE OF THE CHERRY 

T. E* Eawlins and 'W'. T. Hoene^ 

A disease of the sweet cherry has been causing much loss for some years 
in some of the cherry-growing districts of northern California. The dis- 
ease has been observed on Napoleon, Bing‘, Black Tartarian, Chapman, 
Oregon, and Rockport varieties. It has not yet been observed on a variety 
known locally as '‘Long Stem Bing.’' 

The fruits show the most conspicuous symptoms of the disease, fruits on 
infected portions of a tree being more or less conical in form and failing 
to mature. Just prior to ripening, the diseased fruits cease to develop and 
the surface of the blossom end takes on a dull "buckskin” appearance. 
Such fruits are shown at A in figure 1. The fruits remain in this eondh 
tion for several weeks after healthy fruits have ripened. In the Napoleon 
variety the diseased fruit fails to take on the red cheeks characteristic of 
this variety and remains j^ellowdsh to green and sho^vs occasional brownish 
depressions toward the blossom end. The darker varieties, such as Chap- 
man, Black Tartarian, and Bing, remain red when infected and do not 
darken until after shriveling. Diseased fruits hang' on the tree for some 
time and finally become badly shriveled as shown at B in figure 1. The 
pedicels of diseased fruits are usually shorter than those of normal fruits. 

Diseased fruit is usually first found on a single limb or several adjacent 
limbs in a tree. In other cases the diseased frnit may be scattered through 



Fig. 1. Diseased Napoleon fruits. A. An earlj stage of the disease. B. Diseased 
fruits which have hung on the tree for about a month after the picking season. 


1 The writers wish to express their appreciation of the work of Mr. A. Morse, who 
assisted in the grafting experiments, and of the generosity of Mr. Sidney Jones, W'ho 
donated a plot for experimental work. 
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the tree. In certain cases single spurs have been observed to bear some 
healthy fruit and some diseased fruit. After a tree has been infected for 
several years most of its fruit is usually worthless. 

During early autumn the leaves on infected portions of the tree show 
a peculiar orange to maroon coloration along the base of the midrib and 
extending out along the basal lateral veins. This is shown in figure 2, the 
light-appearing portions seen along the base of the midribs and basal lateral 
veins in the illustration being maroon in the subject. This symptom varies 
considerably according to the season. During the 1929 season this symp- 
tom was less eoiis]3ieuous than during previous seasons. 

Diseased trees show considerable variation in vigor. Certain infected 
trees may appear quite vigorous for some years, while others may show lit- 
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tie growth and may have small leaves or dead limbs. The Napoleon trees 
appear to be most severely injured by the disease. Infected trees of this 
variety often have dead limbs and in light soils the trees may die within a 
few years. 

After the disease has invaded an orchard it usually spreads rather rap- 
idly. A rough survey during 1929 indicated that in one orchard about 10 
per cent of the trees had been infected during that season. At the present 
time 50 per cent or more of the trees are infected in certain orchards. Most 
of the infection appears to come from trees within a radius of about 50 
yards. Some orchards, approximately a quarter of a mile from severely 
infected orchards, have remained uninfected. 

EXPERIMENTAL 

Although the microscopic and culture studies which have been made on 
infected tissues are perhaps not so thorough as might be desired, all such 
studies have failed to show the presence of a visible pathogene. 

During the last several years numerous attempts have been made to 
transmit the disease by grafting scions from diseased trees into healthy 
young trees. In some cases the diseased scions carried flower buds and 
therefore produced fruit the same season that they were set into the healthy 
trees. In order to hasten fruit production healthy scions bearing flower 
buds also were grafted into healthy limbs of some of the young trees in 
which diseased scions had been grafted. Similar healthy scions were also 
grafted into noninoculated check trees. The above procedure is very satis- 
factory in that it permits one to determine the transmissibility of the dis- 
ease without waiting several seasons for the production of fruit by young 
trees. 

In other trees the diseased scions were set in 1928 and the young trees 
began to bear fruit along the trunk and in certain branches in 1930. 

All of the results have been condensed in table 1. A study of this table 
shows that the disease was transmitted to the healthy trunk and to healthy 
scions in a large proportion of the trees in which diseased Napoleon scions 
had been grafted. Of 27 trees in which diseased Napoleon scions were 
grafted 12 showed distinct symptoms of the disease in the fruit on either 
the healthy scion or the trunk, 6 showed slight symptoms of disease, and 
7 appeared to be healthy. All diseased Napoleon scions which bore fruit 
produced diseased fruit. 

Diseased Black Tartarian scions behaved very differently. All of the 
3 diseased Tartarian scions which bore frnit produced healthy fruit and in 
only one case was there any evidence that the disease was transmitted by 
a diseased Tartarian scion. Strangely, no difficulty was experienced in 
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? — ^Eruit shows some symptoms of disease but symi}toms are iiisiifficieiit to be sure that it is diseased. 
D — Emit diseased. 

H— Fruit healtliy. 
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transmitting the disease from diseased Napoleon scions to healthy Tartarian 
trunks and healthy Tartarian scions. 

None of the 26 check trees in which no diseased scions were placed 
showed symptoms of the disease, 

A record was kept of the distance between the diseased scion and the 
healthy scion on each tree. It w^as found that the greatest distance between 
snch scions in cases w^here the disease was transmitted was 2 feet, being 1 
foot down from the diseased scion to the trunk and 1 foot out from the 
trunk on another limb to the healthy scion. The time betw^een setting the 
scions and the observation of diseased fruit on the healthy scion -was 
4 months. Our experiments in this field were not sufficient to draw any 
conclusions as to what the maximum rate of movement or the mean rate of 
movement of the causal agent may be. The experiments also were insuf- 
ficient to indicate whether the observed movement was that of a causal 
agent or that of the products of a causal agent. The fact that growers 
have been unable to cheek the progress of the disease in a tree by cutting- 
well below any diseased fruit would indicate that the causal agent moves 
even more rapidly than the symptoms. 

SUMMARY 

A destructive disease of the sweet cherry is described. This disease 
may be transmitted to healthy trees by grafting scions from diseased Napo- 
leon trees into healthy trees. 

Division of Plant Pathology, 

University of California. 




PHYTOPATHOLOGICAL NOTES 

Physiologic S^yecialization in Sclerospora graminicol(i. Experiments 
were conducted in wliicli various species of the grass family were exposed 
to infection from oospores of Bcleirospora graminicola (Sace.) Schroet. 
The oospores were obtained from Seiaria viridis (L.) Beanv., S. magna 
Griseb., S. iialica (L.) Beanv., and Pennisetmn typJioideuin Rich. The 
results are summarized in table 1, 


TABLE 1. — Besulis ohtamed from exposmg four species of Poaceae to mfecti07i ty 
oospores of Sclerospora graminicola collected from four of its hosts 


Species exposed to infection 

Per cent plants infected^ 

Oospores from 

Setaria 

viridis 

S. magna 

S. italica 

* Pennisetum 
typlioideum 

Setaria italica 

56 

76 

46 

0 

S. magna 

41 

45 

15 

0 

EucMaena mexicana 

71 

40 

14 

0 

Pennisetiim typhoideum 

0 

0 

0 

63 


a The total number of plants exposed to infeetion varied between 28 and 328 in each 

case. 


Oospores collected from three species of Setaria produced abundant in- 
fection on 8, italica^ 8, magna, and EueJilaena mexicana Schrad. Also, the 
infection of Pennisetiim typhoideum was obtained from oospores taken from 
P. typlioideimi. But oospores from the three Seiaria spp. failed invariably 
to produce infection on P. typhoideum and vice versa. This supports the 
observation of AYeston and AV'eber^ that the downy mildew on 8. magna 
does not pass to P. typhoideum under field conditions in Florida. Butler- 
also has reported that the fungus on 8. italica did not pass to P. 
iyphoide^im, grown in the vicinity of Pusa. 

These observations and the experimental data suggest the p)i-'esenee of 
at least two physiologic forms of 8clerosp)ora graminicola. One form will 
attack P. typhoideum only, and the other form can infect Setaria viridis^ 
8, italica, 8, magna, and E. mexicana. 

1 Weston, H-, Jr., and Gr. E. Weber. Downy mildew (Sclerospora gra^nmicola) 

on Everglade millet in Florida. Jour. Agr. Bes. 36: 935-963. 1928. 

2 Butler, E. J. Fungi and disease in plants. 547 pp. Thacker, Spink & Co. Cal- 
cutta and Simla. 1918. 
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None of the cDllections of oospores of either physiologic form caused 
infection on Panicnm miliacemn L. or on S. glauoa (L.) Beauv., although 
many plants were exposed in each case. This is partly confirmed by the 
wmrk of Melhus et al.^ — B. N. Uppal and M. K. Desai^ College of Agricid- 
iure, Poona, India, 

Bacieria producing rot of apple in association with the apple maggoty 
Ehagoletis pomonella. In making a study of the infestation and injury to 
apples by the apple maggot or '‘railroad worm,’’ Ehagoletis pomonella 
Walsh, it has been frequently noticed that in softer varieties of apples a 
characteristic decay accompanies the work by the larva of this insect. Such 
a condition has not been normally found in apples attacked by other insects. 
Therefore, the question has arisen whether a pathogenic organism is asso- 
'Ciated with the apple maggot and whether the organism is responsible for 
rot which commonly occurs in maggot-infested apples after they have been 
placed in storage. AVith this in mind, a preliminary study was made with 
infested apples from several orchard districts of AViseonsin to determine 
the relation between the rot, the apple maggot, and associated micro- 
organisms. 

Prom marginal limits of larval burrows in AA^ealthy apples, several ctil- 
tures possessing different characters Avere isolated in 1929, but only one cul- 
ture, which repeatedly appeared pink, produced rot when inoculated upon 
sterile apple plugs and entire apples. In purifying this pink culture it was 
found to contain both bacteria and yeast cells. These were readily sepa- 
rated, and further inoculations with them upon sterile apple tissues showed 
that the bacteria and the combination of bacteria and yeast produced a rot 
but the yeast alone gave negative results. 

This same type of bacterium was again isolated from larval burrows 
and from the adult apple-maggot fly in the fall of 1930 at Gays Mills, 
AAusconsin, where studies of the apple maggot w^ere being made. As each 
of three strains thus far studied consistently developed rot in six different 
varieties of apples, it is evident that this organism is capable of producing 
decay of apple tissue. It is probably distributed by the adult fly and 
spread by the larvae. More extensive studies are now under way on the 
pathogenicity and bacteriological characters of the organism.— T. C. Allen, 
Department of Economic Entomology, University of Wisconsin, Madison, 
Wis. 

A method of detecting and demonstrating early leaf infections of ap'ple 
During the first feiv days after apple-scab infections appear on the 

3 Alellms, I, E., E. H. Van Haltern, and D. E. Bliss. A study of Sclerospora grami- 
7iicola (Sacc.) Schroet. on Setaria viridis (L.) Beanv. and Zea mays L. Iowa Agr. Exp. 
Sta. Bes. Bui. Ill: 297-338. 1928. 
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foliage it is somewhat slow and laborious for even the experienced worker 
to note all of the lesions and practically impossible to demonstrate their 
presence to the average fruit grower. It occurred to the writer that cobalt 
paper, originally used by Stahl in 1894 and now commonly employed by 
plant physiologists in studies of transpiration, might be used. Filter paper 
W'as soaked in a 5 per cent solution of cobaltous chloride and dried in the 
oven. A small press was made by fastening two lantern-slide cover glasses 
with a flexible hinge and attaching several layers of blotter paper to the 
inside of one of the slips with passe-partout strips. An apple leaf was 
placed on the blotter paper, a sheet of the dry cobalt paper placed over the 
upper surface of the leaf, and the press closed and held with a pair of 
rubber bands. In a few seconds the blue paper turns white over the area 
of the scab lesions, due to the increased water loss in the affected areas, 
giving a very striking print of the amount of scab present. By outlining 
the white spots on the paper a permanent record may be made. Prints 
were made also from leaves still attached to the tree, making a series of 
prints of the same leaves possible. 

For use in the fleld a small tin box was fitted with a container of cal- 
cium chloride, so that a supply of the cobalt papers could be kept dry. 
Sheets of the cobalt paper were used over and over in the field, being placed 
on hot metal of the automobile to dry the paper between tests. — ^W. D. 
Mills, Department of Plant Pathology, Cornell University, Ithaca, New 
York. 




BOOK REVIEWS 


Pathologie des Protoplasmas. By Ernst Kiister* 200 pp., 36 figures. 
1929. Gebriider Borntraeger, Berlin. 

The present volume is submitted as Part I of a more inclusive work, 
Pathologie der Pflanzenzelle,’’ announced as Volume III of a series of 
monographs on protoplasm completed or in preparation by authorities in 
various lands, the titles made known thus far appearing either in English, 
German, or French. Like the treatise on pathological plant anatomy by 
the same author, the several editions of which have served widely and well 
for more than two decades, the book presents a large mass of information 
gathered from numerous scattered sources. The test is divided into two 
chapters; the first, “Changes in Form,’^ includes under separate headings 
discussions on plasmolyses, experimental shaping of protoplasts, divisions 
of protoplasts, protoplasmic deposits, plasinoptysis and related phenomena, 
local necrosis, and increase in size of uncovered protoplasts by swelling. In 
the second chapter, “Changes in Structure,’’ are included sections dealing 
with changes in layered structure of protoplasm, coagulation of protoplasm, 
vacuolate or foamy degeneration, and swelling of lorotoplasm. 

As the term “protoplasm” is nsed throughout the book in the sense in 
which it w^as early employed by Mohl, referring therefore to the material 
later designated as cytoplasm, any discussion of the nucleus or of chroma- 
tophores, except in occasional passages, is excluded. Yet, the variety of 
phenomena that comes in for attention is a surprisingly large one, and the 
student who can read any considerable portion of the text without uncover- 
ing some reference or other to some manifestation of protoplasm which he 
had not suspected was recorded in the literature is either unusually well 
informed or has not used his microscope to good piir|)Ose. I experienced an 
agreeable surprise, for example, on reading the section on “ Plasmoptysis 
and Related Phenomena” to discover the wealth of observations extant con- 
cerning the expulsion of protoplasm from cells provided with walls, 
instances of which had frequently come to my notice in examining cultures 
of phycomycetous fungi. It is to be regretted that at times owing to the 
plethora of material available for discussion — the bibliography occupying 
28 well-filled pages — ^the author was constrained often to summarize more 
rigorously than might be expected in a monographic treatment. This 
brevity, however, together with the commendable avoidance by the publisher 
of wastefully wide margins, disagreeably thick paper, and unnecessarily 
large print, so often employed to augment bulk and price, has resulted in 
a compact volume at once convenient to use and not excessively expensive. — 
Charles Drechsleb, Bureau of Plant Industry, VTashington, D. C. 
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PhyiopaihologiscJie Zeitschrift. Edited by E. Scliaffnit in collaboration^ 
with Appel (Berlin-Dahlem), Brierley (Harpenden), Foex (Paris), Gass- 
ner (Braiinscliweig)? Gaumann (Zurich), Jaczewski (Leningrad), lOebahn 
(Hamburg*), Liro (Helsinki), Muller (Angora), Naumov (Leningrad), 
Petri (Eome), Hemmi (Kyoto), and Westerdijk (Baarn) ,- 1 to 2 volumes, 
appearing each 3 "ear, each volume consisting of 6 issues; published b}^ Paul 
Fsivey, Berlin. 1929 — . 

The 'Thytopathologiselie Zeitschrift'" represents a continuation of the 
''Porschungen auf deni Gebiet der Pflanzenkrankheiten und der Immunitat 
im Pflanzenreich, "" brought to a close with the fifth issue at the end of the 
year 1928. In the publisher's announcement the new periodical is described 
as resting upon an international foundation — and this description has been 
substantiated tolerably well by the first volume, which appeared in 1929, as 
w^ell as the several parts of the second volume already published. For, 
although of the twenty-three papers contained in the first volume, only two 
are in French and only one is English, the disproportion in favor of German 
is pronounced more in respect to language than to source, inasmuch as of 
the twenty remaining papers not more than eleven are referable to German 
laboratories, four of the other nine written in German having had their 
origin in Eussian, two in Dutch, two in Swiss, and one in Italian establish- 
ments. The German displayed in the articles contributed from outside the 
German-speaking regions shows little or nothing in the way of obviously 
alien peculiarities. However English-speaking readers may perchance find 
some refreshing enjo^^ment in the novel though sometimes fetching expres- 
sions to be encountered in the one article appearing in their language. 

For the most part the papers in the first volume of the ^‘Zeitschrift" 
are expressive of the more intensive type of investigation which, especially 
during the last two decades, has provided increase both in fundamental 
knowledge and in economic mastery. Among subjects dealt with ma^^ be 
mentioned, for example, the effect of carbon dioxide on development of 
rust, the breeding of wdieat for resistance to stripe rust, the varietal response 
of wheat and oats to stripe rust and loose smut, respectively, the physiologic 
races of stem rust, the infiuenee of fertilizers on the susceptibility of plants 
to disease, the pathological effect of virus diseases on cell structure, and 
the bioehemistr}^ of potato-tuber rot caused by late blight. Yet, the older 
aspects of plant pathology have not been neglected. At least three papers, 
are devoted primarily to the description of various parasitic fungi, one 
paper deals at some length with the phytogeny of fungi, another is devoted 
to the description of a new bacterial disease of chicory and the organism 
responsible for it, and still another discusses the bacteria associated with 
clubroot. 
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The new journal is pnt np in excellent fornij the paper being of good 
quality, the type clear, and the margins sufficiently but not unnecessarily 
wide. The half-tone reproductions of photographic originals, as well as 
the colored plates, are of uniformly high merit. The drawings are always 
well reproduced, whether, as fortunately must often have been the case, the 
originals were carefully executed, or whether, as evidently was true in 
other instances, the somewhat cavalier draftsmanship of the contributor can 
hardly have promised an edif^ung end prodnet. All in all, the periodical 
well deserves the place in the front rank of scientific publications which 
apparently it already occupies. That it will be found in all libraries serv- 
ing the needs of plant pathologists may be taken for granted. I predict, 
however, that copies in lending libraries will be out much too frequently 
to be immediately available and that the active worker will find such mea- 
sure of comfort in having a complete set on his own shelf as will repay him 
many times over for the outlay of the rather high, though according to 
European standards, not excessive price of subscription. — Charles Drechs- 
LER, Bureau of Plant Industry, Washington, D. C. 
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Emil Godfred Arzberger was born at Helenville, Wisconsin, on October 
3 , 1877. He died from endocarditis at Clarendon, Virginia, on January 
29, 1930. His body rests in the cemetery at Helenville, AYisconsin, close to 
the scenes of his childhood. Of the immediate family a father, three 
brothers, and four sisters are still living. 

For his early education Mr. Arzberger attended the public schools with 
graduation from the High School of JefEerson, Wisconsin, in 1897. He 
attended the State Normal School at Whitewater, Wisconsin, graduating 
there in 1903, after which he was principal of a graded school in Wisconsin 
for two years. He then entered the University of Wisconsin, completed 
the work for the degree of Ph.B. in 1906, and remained for three years 
as graduate student and assistant in botany. During the academic year of 
1909-10 he was a Fellow at the Missouri Botanical Garden in St. Louis, 
Missouri, and at the end of this year he received the degree of M.A. from 
AVasliington Unive^sit 3 ^ The thesis for this degree was entitled ^‘The 
fungous root-tubercles of Ceanoilius americanus^ Elaeagnus argent ea, and 
My rim ceriferaM and it was published in the Twenty-first Annual Report 
of the Missouri Botanical Garden. Prom 1910 until 1913 he was assistant 
l)otaiiist of tlie Olrio State Experiment Station with principal work in 
|5atIiolugy. For several months during the summer of 1913 he held a 
iii'sea I'lili Seliolarsliip at The New York Botanical Garden and from this he 
w {‘ut to the ()f(iee of Nematology as assistant pathologist, and this position 
lie held iintil Iris deatli. 

I\lr. Ai'zbivrgiU'^s interests in botany centered in pathology and mycol- 
ogy. Most of his research was devoted to organisms that inhabit the roots 
of |)!fiuts and to uiyeorrhizae. He obtained in pure cultures various of the 
fungi caiueenied in the formation of mycorrhizae, he made careful cytologi- 
eal studies of these structures, and he was concerned in determining the 
relation at their presence to the growth which plants made. He was widely 
aeciuainted witli the literature in this field and was able and critical in the 
eoiisidiu'ation of it. 
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By natural inclination, Mr. Arzberg-er was of a quiet and retiring di»s- 
position. His friendships were deep and lasting. Those who knew liiin 
recognized and admired his integrity,, sincerity, and worth, and were im- 
pressed with his knowledge, skill, and ability in the field of botanical 
science which he loved. 

BIBLIOGRAPHY 

Tlie fungous root- tubercles of Ceanotlms americanus, Elaeagnus argeniea, Myrica 
cerifem. Ann. Ept. Mo. Bot. Gard. 21; 60-102. 1910. 

The eob-rot of corn. Ohio Agr, Exp. Sta. Bui. 265: 69-82. 1913. 



PEELIMINAEY EXPERIMENTS ON THE CONTROL OP 
CEREAL RUSTS BY KOLO DUST^ " 

W.C.Broadpoots 

INTRODUCTION 

111 1924 Kig’litlinger (5) reported “plienomenal control” of rusts on 
oats in New York 1oy dusting with sulphur. Since that time considerable 
emphasis has been placed on and impetus given to sulphur dusting as a 
method for the control of cereal rusts. In 1926 Kightlinger and Whetzel 
(6) in New York, Bailey and Greaney (1) in Manitoba, and Lambert and 
Stakmaii (7) in Minnesota obtained evidence in support of Kightlinger ’s 
earlier statement that sulphur controls rust under certain conditions. In 
1927 Bailey and Greaney (2) reported the results of trials with horse- 
drawn traction dusters as well as those of small-plot experiments. They 
stated, however, that stem rust w^as such a negligible factor in Manitoba 
that year that conditions did not favor testing the effectiveness of sulphur 
dust under field conditions. Bailey and Greaney (3), in 1928, reported 
favorable results in some instances from dusting under field conditions 
both by horse-drawn dusters and by aeroplane. Greaney (4) also reported 
that the fineness of the particles, humidity, and temperature greatly in- 
fiuenced the toxicity and fungicidal effectiveness of the dust. 

Preliminary , experiments also had been made in Minnesota. It had been 
found by Lambert and Stakman (7) that Kolo dust, as well as certain 
other dusts, would effectively prevent stem rust provided the applications 
were made at the proper time and with the right kind of dust. Not only 
was the rust prevented, but grain yields were considerably increased. Tery 
little is known, however, about the number of applications that would be 
necessary, the time of application, and the effect of dusting in different 

1 The experiments were made cooperatively between the Niagara Sprayer Company 
and the University of Minnesota, under a si)eeial grant made hy the Niagara Sprayer 
Company to the University. 

^ Published with the approval of the Director as Papier No. 962 of the Journal Series 
of the Minnesota Agricultural Experiment Station. 

The writer here expresses his appreciation to Br. E. G. Stakman, Professor of 
Plant Pathology, University of Minnesota, and Pathologist, Bureau of Plant Industry, 
United States Department of Agriculture, for his helpful advice and criticism; to Dr. 
E. B. Lambert, Associate Pathologist, Bureau of Plant Industry, United States Dexiart- 
ment of Agriculture, for his helpful advice in outlining the project; to Mr. C. Y. 
Kightlinger, formerly Agent, Bureau of Plant Industry, United States Dex>artmeiit of 
Agriculture, for his assistance in taking notes at St. Paul, Morris, and Crookston, 
Minnesota; to Mr. E. S. Dunham, Agronomist at the N, W. School and Station, Crooks- 
ton, Minnesota; and to Mr. E. 0. Bridgford, Agronomist at the West Central School and 
Station, Morris, Minnesota, for their cooperation and assistance at their resx>eetive 
stations. 


347 



348 


Phytopathology 


[Yol. 21 


seasons. The writer's experiments were made in order to obtain additional 
and more definite information on some of these qnestions. 

Specifically, the objects of the writer's experiments were to determine, 
in a preliminary way, the most effective and practicable number, time, rate, 
and method of application of Kolo sulphur dust for the control of stem 
and leaf rusts and the subsequent effect on yield, bushel weight, grade, 
protein content, and the setting of seed of wheat. Experiments were con- 
ducted in 1927 at Morris, Crookston, and St. Paul, Minnesota. 

MATERIALS AND METHODS 

Yarieties of wheat most extensively grown in Minnesota were used in 
these tests. Marquis and Euby, common bread wheats, and Mindum, a 
durum wheat, were sown with an 8-foot nursery seeder at a uniform rate 
of approximately 90 pounds an acre. When the young plants were about 
12 inches high, the seeded areas were divided into plots 8 feet square, 
separated from one another by 1-foot alleys. More than 2,000 plots were 
included in the experiment, 

Kolo dust, a colloidal sulphur dust, supplied by the Niagara Sprayer 
Company of Middleport, N. Y., was used throughout the experiments. The 
dust was applied by means of a hand duster (Niagara Blower Gun No. 42, 
at Morris and St. Paul, and a Eoot Hand Gun, at Crookston). The hand 
dusters were calibrated so that 10, 20, 30, and 40 revolutions of the crank, 
made at the rate of one revolution a step or pace in w^alking around the 
plot, discharged dust at the rates of 15, 30, 45, or 60 pounds per acre per 
application, respectively. By the expressions 15-, 30-, 45-, or 60-poiind 
rate, used hereafter in this paper, is meant the amount of dust used per 
acre per application. The dusters were checked at frequent intervals 
throughout the experiments to insure reasonable accuracy and pniforinity 
in the rates of application. 

The experiments were made on the following soil types: Hempsted silt 
loam at St. Paul, Clarion silt loam at Morris, and Fargo clay loain a,t 
Crookston. The soil in the plots at each of these places appeared to be 
fairly homogeneons. 

Stem-rust data were obtained by making estimates of tlie average 
amount of rust on the plants in each plot according to the scale a dn pil'd 
by the Office of Cereal Crops and Diseases, United States DepartnuMit of 
Agriculture. Separate notes were taken on the amount of rust on the 
^hieek" or peduncle, sheath or boot, and the lowest internode. 

As there appeared to be no significant and consistent differences in tlie 
amount of rust on the sheaths or boots and on the lowest iiiternodes of 
plants in the various plots, only the data on severity of rust infection on tlie 
peduncle will be given. It is the peduncle of the plant that we are chiefly 
interested in protecting for practical purposes, since stem rust eausi'S 
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greatest damage on this part of the plant. Rust usually is already present 
on the sheath or boot and on the lowest internode, when practical dusting 
operations ordinarily would be started, and dusting can not be expected 
to control rust on those parts of the plant already infected when dusting 
is begun. Therefore, the importance of protecting the peduncle seems 
paramount. 

When the wheat was ripe, square-yard samples were harvested from 
each plot and later threshed with a nursery thresher. The seed from each 
plot was weighed and the yield in bushels per acre was then computed. 
The difference in yield might have been greater if an ordinary threshing 
machine had been used. Undoubtedly more of the light, shrunken seed 
from the nondusted plots would have been blown into the straw stack had 
the grain been threshed with a field machine. 

Determinations of the weight per bushel of wlieat from each plot were 
made by the methods recommended by the United States Grain Standards 
Act; except that, since the samples w^ere small, a one-half-pint tester was 
used instead of the regular one- quart tester. 

The samples were graded according to the official grain standards 
recommended by the United States Grain Standards Act. 

From the data on the yield of wheat from the nondusted plots at the 
various localities, a probable error for each experiment was calculated by 

Ef.d" 

the use of the following formula: P.E. = ± .6745 n where d= deviation 

in bushels of a class from the mean, f = frequency, n = total number of 
individuals, and N = the number of replications. The following probable 
errors wTre obtained for Marquis wheat: 


Locality 

Variety 

P. E. in per cent 

Morris 

Marquis 

5.3087 

St. Paul 

' ‘ ( early planting ) 

5.8386 

f f 

' ^ ( late planting ) 

9.9930 

Crookston 

( c 

7.1233 


The average probable error for Morris, Crookstoii, and St. Paul = 

1/3V 5.3" + 5.8^4- 7.U = 3.53%. 

The average probable error for Crookston and St. Paul (whenever Morris 

data w^ere not obtained) = l/2-\/ 5.3" + 7.1" = 4.58%. 

Random samples of seed from the plots dusted for the control of leaf 

rust w^ere analyzed for protein content by the Kjeldahl method for nitrogen 
analysis. 

For the schedule consisting of three applications of Kolo dust at the four 
different rates there are six different times of application, as follows : 
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First Application 

Second Application 

Third Application 

1. Flowering time 

4 days after first 

4 days after second 

2. '' 

0 f i ( c C ( 

i C £ C it £ C 

3. 

g f f (C £C 

i c i i C c c ( 

4. 5 days after flowering time 

4. c‘ 

an c c a 

g C t f i £ c a £ c 

0 C C i ( c i 

i i i c c ( £ c 

Q C £ t c t i i c i c 

8 

(id it a 


For the schedule consisting of two applications of Ivolo dust at the four 
different rates, there are eight different times of application, as follows : 

First Application 
1. Flowering time 

9 C C ( ( 

3 ^ ^ * 

4. 

5. 5 days after flowering time 

0 ( ^ C ( ( i C i C £ 

rj ( C i C . I e ( i ( £ 

g_ ff (C (( (i 


Second Applioatwn 

4 clays after first 

0 t C C C i i 

5 ‘‘ '' 

It) '' '' 

4: ‘ ‘ ^ ‘ ‘ ‘ 

6 
8 

10 '' 


For the schedule consisting of one application of Kolo dust at the four 
different rates, there are four different times of application, as follows : 

Treatments Time of Application 

First At flowering time 

Second 5 days after flowering time 

Third 10 

Fourth 15 '' '' 


The fact that the stem-rust epiphjffotie w^as very severe at Morris in 
1927 afforded a good opportunity to test the effectiveness of dusting witli 
Kolo dust. The rust developed rapidly, especially during the latter part 
of the growing season, and, together with hot, dry weather, decreased yield 
and quality of wheat in this district very materially. At Crookston, about 
200 miles north of Morris, the epiphytotie ^vas not so destructive. The 
development of rust ivas cheeked to a considerable extent by cool iveatlier 
during the first tw^o weeks in xiugust. At St. Paul, about 150 miles east 
and slightK south of Morris, the epiphytotie was almost as severe as at 
Morris, although grain probably W'as damaged less by hot dry weather. 

Marquis wheat was sown at Morris on April 25, at Crookston on April 
30, and at St. Paul on May 2. The wheat plants flowered rather uniformly ; 
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at Morris on July 6, at Crookston July 11, and at St. Paul on July 8. 
Fiowering-tiine applications were made on these dates. Rust notes were 
taken at Morris on August 1, at Crookston on August 12, and at St. Paul 
on August 2. The plots were harvested at Morris on August 9, at Crookston 
on August 19 to 23, and at St. Paul on August 14. 

THE EFFECT OF THREE APPLICATIONS OF KOLO DUST ON 
MARQUIS "WHEAT IN 1927 

The mean average percentages of stem rust on the peduncle of the wheat 
plant were significantly lower on the dusted than on the nondiisted plots 
at the three stations (Table 1). Dusting controlled rust so well at Morris 
that the dusted plots easily could be singled out from a distance of 100 feet. 
The bright and clean appearance of the plants in the dusted plots con- 
trasted sharply with the dull, dark, dead appearance of those in the non- 
dusted plots. The mean average percentage of rust in the nondusted plots 
ranged from 60.9 to 68.3 in comparison with 13.0 to 41.3 in the dusted plots. 
As a rule, the mean average percentage was lower in those plots dusted 
first at flowering time than in those in which the first application was made 
5 days later. It should be pointed out that the results of making the first 
application at flowering time were better in Crookston than at Morris and 
St. Paul, although the exact reason is not known. 

The best schedule at the three stations, from the standpoint of time of 
application, was the F.T. -f 6 or 8 + 4, which means that the first application 
was made at flowering time, the second either 6 or 8 days after the first, 
and the third 4 days after the second. For the F.T. -F- 6 + 4 schedule the 
mean average percentages of rust on the plots dusted at the 15-, 30-, 45-, 
and 60-pound rates were 26.1, 21.9, 18.8, and 14.0 per cent, respectively 
(Table 1, Plots 56, 63, 70, and 77). For the F.T. + 8 + 4 schedule at the 
15-, 30-, 45-, and 60-ponnd rates, the mean average percentages were 23.6, 
17.6, 15.4, and 13.0 per cent, respectively (Table 1, Plots 57, 64, 71, 
and 78). From this it is evident that the 60-pound rate was considerably 
more effective than the 15-ponnd rate but probably not significantly more 
effective than the 30- and 45-ponnd rates. It also seems that there was no 
significant difference in the mean average percentage of rust in plots dusted 
according to the F.T. -h 6 + 4 and F.T. -e 8 -i- 4 schedules. 

The mean average yields of wheat were uniformly and significantly 
higlier on the dusted than on the nondusted plots at the three stations. For 
the near-by nondusted plots the mean average yields were 24.57 di 0.87, 
25.16 zt 0.89, 24.33 ±: 0.86, 21.48 zh 0.76, and 23.26 zh 0.82 bushels per acre, 
respectively (Table 1, Plots 54, 61, 68, 75, and 82). The average yield for 
all the nondusted plots at the three stations, 120 in all, was 23.31 bushels 
per acre. The plots on which the first application was made at flowering 
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wheat idant on the control of rSteni rust, increase in yield, loeiglit per bushel, and grade of Marquis wheat at Morris, 

Croolcston, and St. Paul, Mimiesota, in 19B7 
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time, in addition to being freer from stem rust, yielded consistently more 
wheat than those plots on which the first application was made 5 days after 
fioAvering time. For the F.T. + 6 + 4 schedule the mean average yields of 
wheat from these plots dusted at the 15-, 30-, 45-, and 60-pound rates AA-ere 
31.62 d= 1.12, 33.04 dz 1.17, 33.68 d= 1.19, and 36.27 zb 1.28 bushels per acre, 
respectively (Table 1, Plots 56, 63, 70, and 77). These yields, when com- 
pared AAuth the average yield of 23.31 bushels per acre from the 120 non- 
dusted plots, represent an increase of 8.31, 9.73, 10.37, and 12.96 bushels 
per acre, or increases of 35.6, 41.7, 44.5, and 55.6 per cent, respectively. 
For the F.T. -i- 8 + 4 schedule the mean average yields for the plots dusted 
at the 15-, 30-, 45-, and 60-pound rates were 31.47 zb 1.11, 34.35 zb 1.21, 
30.45 zb 1.08, and 34.18 zb 1.21 bushels per acre, respectively (Table 1, 
Plots 57, 64, 71, and 78). These yields, Avlieii compared Avith those of the 
nondusted plots, represent an increase of 8.16, 11.04, 7.14, and 10.87 bushels 
per acre, or increases of 35.0, 47.4, 30.6, and 46.6 per cent, respecth^ely. 
The highest yielding plots, which were dusted three times at Morris, 
Crookston, and St. Paul, Avlien considered separately, yielded 76, 52, and 
44 per cent more than the near-by nondusted plots, respectively. From 
these data it is seen that the 15- and 30-pound rates were almost as effective 
as the 45- and 60-pound rates. This again emphasizes the fact that timeli- 
ness of application is one of the most important factors to be considered. 
At Crookston, when the first application was made 5 days after fiowering 
time, the yield was almost as high as Avhen the first application AAms made at 
floAvering time, but this was not true at Morris and St. Paul. 

The mean average weights per bushel and grades of AA^heat AA^ere uni- 
formly and significantly higher for the dusted than for the nondusted plots 
at the three stations. For the near-by nondusted plots the mean average 
Aveights Avere 51.2, 51.4, 50.0, 50.0, and 51.3 pounds, respectively (Table 1, 
Plots 54, 61, 68, 75, and 82), and the mean average grade for the wheat 
from each Avas No. 5. The average AA^eight per bushel for the 120 nondusted 
plots at the three stations was 50.2 pounds, grading No. 5. For the 
p T -t- 6 + 4 scliedule the mean average weights for the Avheat from the plots 
dusted at the 15-, 30-, 45-, and 60-pound rates Avere 55.3, 56.1, 56.2, and 
57.1 pounds, and on the average graded No. 3 for the first three rates and 
No. 2 for the last (Table 1, Plots 56, 63, 70, and 77). These Aveiglits, AAdieii 
compared with the average weight of 50.2 pounds for the 120 nondusted 
plots, represent increases in AArnght of 5.1, 5.9, 6.0, and 6.9 pounds per 
bushel, respectively, as well as an increase in grade from No. o to Nos. 3 
and 2. For the F.T. + 8 -h 4 schedule the mean average Aveights of Avheat 
from the plots dusted at the 15-, 30-, 45-, and 60-pound rates were 56.0, 
56.2, 55.8, and 57.1 pounds per bushel, grading the same as in the F.T. 
-1-8 4 4 schedule (Table 1, Plots 57, 64, 71, and 78). These weights, when 
compared with 50.2 pounds, the average of 120 nondusted plots at the three 
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stations, represent increases in weight of 5.8, 6.0, 5.6, and 6.9 pounds per 
hiisliel, respectiYely, as well as an increase in grade from No. 5 to Nos. 3 
and 2. As a rule, the weight per bushel was higher for the plots receiving 
the first application at flowering time than for those receiving it 5 days 
later. Prom these data it is evident that the 15-, 30-, and 45'pound rates 
were about ecpially effective, whereas the wheat from the plots dusted at 
the 60-pouiid rate weighed and graded uniformly slightly higher than that 
from those dusted at the lower rates. It is doubtful, however, whether the 
increase in weight per bushel and grade of wheat from plots receiving 3 
applications at the 60-pound rate, 180 pounds in all, would pay for the 
additional dust and labor, especially since 3 applications at the 15-ponnd 
rate, 45 pounds in all, x)rove almost as effective. 

THE EFFECT OP TWO APPLICATIONS OF KOLO DUST ON MARQUIS WHEAT 

The mean average percentages of stem rust on the peduncle of the wheat 
plants were markedly lower on the dusted than on the nondusted plots at 
the three stations. The mean average percentages on the near-by nondusted 
plots ranged from 64.5 to 63.3, whereas on the dnsted plots they ranged 
from 28.6 to 54.2. The differences in the mean average percentages of rust 
on the plots where the first application was made either at flowering time 
or 5 days later were not very great, although there appeared to he slightly 
less rust in the former case, especially at Morris and St. Paul. Prom the 
examination of table 2, it is apparent that there are no significant differ- 
ences in the mean average percentages of rust on the plots dusted at tlie 
15 30-, 45-, and 60-pound rates. 

Since the amount of rust at Morris was the lowest in the plots dusted 
first at flowering time, followed by a second dusting 6 or 8 days later, only 
these plots were harvested along with all the plots dusted at tlie 60-])()Tiiid 
rate. At Crookston and St. Paul all the plots dusted twice wert‘ liar vested. 
The mean average yields were consistently higher on the dusted tluui on 
the nondusted plots. The mean average yields on the near-hy nondusted 
plots compare favorably wuth the average of all the nondusted plots in tlie 
entire experiment. For the F.T. -s 6 schedule the mean average yields f or 
tlie plots dusted at the 15-, 30-, 45-, and 60-pound rates were, respectively, 
liiglier than those of the nondusted plots. For the F.T. + 8 schedule where 
the second application w^as made 8 instead of 6 days after the flowering- 
tiiiie application, the mean average yields for the plots dusted at the above 
rates sliow^ecl increase of 30.0, 23.3, 39.7, and 29.6 per cent, respectively, 
ill comparison ivitli that of the nondusted plots. A careful exariiination 
of these data and the data given for the F.T. + 6 schedule shows that the 
15 - and SO-pound rates were practically as effective as the 45- and 6C)-pound 
rates, as measured by increases in yield. Further comparisons of tlie rela- 
tive efficiency of the two applications wdieii applied at the foriner rates are 



TABLE 2.— T/if efffcf of 3 applications of Kolo dust applied at 15-, 30-, 45-, and GO-poimd rates and at various intervals in relation to flowering time of 
wheat plant on the control of stem rust, increase in yield, weight per hnshel, and grade of Marqnis wheat at . 

Morris^ Croohston, and St. Paul, Minnesota, in 1937 
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not jnstiiiaMe, since the mean average yield data for the plots dusted on 
the other schedules do not include the Morris data, v’here the yields on all 
the plots were much lower than at either Crookston or St, Paul. This then 
would necessarihr give higher mean average yields. The highest-yielding 
plots receiving two applications of Kolo dust at Morris, Crookston, and St. 
Paul, when considered separately, yielded 58, 38, and 51 per cent more 
than the near-hy nondusted plots, respectively. These increases of 58, 38, 
and 51 per cent for the highest-yielding plots dusted twice at Morris, 
Crookston, and St. Paul compare favorably with the increases of 76, 52, 
and 44 per cent for the highest-yielding plots dusted three times at the 
same stations, although, with the exception of those at St. Paul, they are 
not so high (Table 4) . 

The mean average weights per bushel and the grades were higher for 
the dusted than for the nondusted plots at the three stations. The mean 
average weights for the near-hy nondusted plots were 49.7, 50.2, 48.5, 49.7, 
and 51.2 pounds, respectively (Table 2, Plots 18, 27, 36, 45, and 54). The 
mean average grade of each near-by nondusted plot was No, 5. Wheat in 
the F.T. + 6 schedule averaged grade No. 3 for the 15-, 30-, and 45-pound 
rates and No. 4 for the 60-pdund rate, while its mean average represented 
increases of 5.0, 5.4, 5.4, and 4.1 pound per bushel, respectively. For the 
F.T. + 8 schedule where the second application was made 8 instead of 6 
days after the flowering-time application, the mean average weights repre- 
sented an increase of 5.3, 5.4, 4.8, and 4.8 pounds, respectively, as well as 
an increase in grade from No. 5 np to a No. 3 in comparison with that of 
the nondusted plots. Further comparisons of the efficiency of two applica- 
tions when applied on the other schedules are not justifiable since the mean 
average weight per bushel and grade do not include the Morris data, where 
the weight per bushel and grade were much lower than at Crookston and 
St, Paul. From tlie data presented it is evident, however, that two appli- 
cations at the 15-, 30-, 45-, and GO-ioound rate were about equally etfective. 
It should be pointed out here that the increases in mean average weight 
per bushel and grade of wheat from plots receiving two applications of 
Kolo dust compare very favorably with those from the plots receiving three 
applications (Table 4). 

THE EFFECT OF ONE APPLICATION OP KOLO DUST ON MARQUIS WHEAT 

The mean average percentages of stem rust on the peduncle of the 
wheat plant (Table 3) were slightly lower on the plots receiving one appli- 
cation of Kolo dust than on the nondusted plots. However, the differences 
do not seem significant and they do not even constitute practical control. 
The mean average percentages of rust on the near-by nondusted plots were 
71.3 and 66.3, respectively (Table 3, Plots 9 and IS). The mean average 
percentages on the plots dnsted once ranged from 40.8 to 62.1. The differ- 
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eiices ill the mean average percentage of rust on the plots diistecl once on 
the different schedules and at the ditferent rates were not large enough to 
permit any definite conclusions except that the rust percentage was uni- 
formly the lowest on the plots where the Kolo dust was applied 10 days 
after flowering time. This, as already pointed out, may have been due to 
the fact that at Crookston all the plots dusted 8 to 10 days after flowering 
time were freer from rust than the other plots ; consequently, this would 
lower the mean average percentage of rust for these particular plots. 

The mean average yields of wheat from the near-by nondusted plots 
were 24.72 zt 0.87 and 21.33 ±: 0.75 bushels per acre, respectively (Table 3, 
Plots 9 and 18). These yields compare favorably with 23.31 bushels per 
acre for the average yield of all the nondusted plots in the entire experi- 
ment. We wull compare only the yield data for the plots dusted once at 
the 60-pouiid rate, since only these particular plots were harvested at 
Morris. In general, at the three stations, plots dusted once, especially at 
flowering time, outyielded the nondusted plots. The result w^ould hardly 
be expected from one application of Kolo dust, since there appeared to be 
no significant observable evidences of the practical control of rust at the 
time the rust notes w^ere taken shortly before harvest. This may be a 
coincidence, but more probably it may have been due to the fact that one 
aj)p)lication of Kolo dust delayed the development of the rust for a time, 
although the final percentage w^as not significantly reduced in comparison 
with that in the nondusted plots. The mean average yields for the plots 
dusted once at tlie 60-pound rate at the flowering time, 5, 10, and 15 days 
after flowering time showed increases of 5.75, 6.22, 2.35, and 2.91 bushels 
per acre, respectively, of which only the yields for the plots dusted once at 
floAvering time or 5 days after flowering time are probably significant. It 
would not be justifiable to draw any conclusions regarding the efficiency 
of one application at the 15-, 30-, 45-, and 60-pound rates because only the 
plots dusted at the 60-pound rate Avere haiwested at Morris. HoAvever, if 
the data at Crookston and St. Paul are considered separately or together, 
there appear to be no significant differences in yield for the four rates of 
application. The time of application is a far more important factor. 

The mean average weights per bushel and the grade of AAdieat at the 
three stations Avere nniformly higher for the plots dusted once than for the 
nondusted plots. The mean average Aveights per bushel for the near-by 
nondusted plots were 50.1 and 49.7 pounds, respectively (Table 3, Plots 
9 and 18), and the mean average grade of each aa^s No. 5. These compare 
favorably Avitli 50.2 pounds per bushel and a grade of No. 5 for the average 
of 120 nondusted plots in the entire experiment. As in discussing the mean 
average yields, onXj the plots dusted once at the 60-pouncl rate Avill be 
considered in a comparison of the mean average Aveight per bushel and the 
grade. In each ease the mean average grade Avas No. 4. The AA^eights AAdien 
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compared with 50.2 pounds, the average of all the nondusted plots, repre- 
sent increases of 3.3, 2.9, 2.4, and 3.3 pounds, respectively, as well as an 
increase in grade from No. 5 to No. 4. From the data at Crookston and 
St. Paul, whether considered separately or together, it is evident not only 
that the weight and grade of wheat for the plots dusted once are higher 
than those for the nondusted plots but also that the 15- and 30-pound rates 
were just as effective as the 45- and 60-pound rates. 

A COMPARISON OP THE MEAN AVERAGE DATA OP THE RELATIVE EFFECTIVENESS 
OP THREE,, TWO, AND ONE APPLICATION OP KOLO DUST APPLIED 
AT DIFPERENT RATES TO MARQUIS WHEAT 

When comparing the data for the nondusted plots, the mean average 
proportional reductions in the amount of stem rust for plots dusted three 
times at the 15-, 30-, 45-, and 60-ponnd rates on the P.T. + 6-^-4 schedule 
were 60.2, 66.6, 71.3, and 78.7 per cent, respectively (Table 4, Plots 56, 63, 
70, and 77) ; and for the P.T.-h8+4 schedule, they were 64.0, 73.2, 76.5, 
and 80.2 per cent, respectively (Table 4, Plots 57, 64, 71, and 78). For 
the plots dusted twice at the four rates on the F.T. + 6 schedule, the reduc- 
tions were 42.2, 41.5, 20.6, and 41.5 per cent, respectively (Table 4, Plots 
20, 24, 29, and 33) ; and for the F.T. + 8 schedule, they were 39.0, 41.5, 
41.5, and 50.3 per cent, respectively (Table 4, Plots 21, 25, 30, and 34). 
For the plots dusted once at the four rates on the F.T. schedule^ the reduc- 
tions were 15.0, 16.2, 13.0, and 23.2 per cent, respectively (Table 4, Plots 
1, 5, 10, and 14) j and for the F.T. + 5 schedule, they were 15.5, 13.6, 13.0, 
and 20.0 per cent, respectively (Plots 2, 6, 11, and 15). From these data 
it is evident that two applications of Kolo dust were almost as effective as 
three and that the 15- and 30-pound rates were almost as effective as the 
45- and 60-pound rates. 

In comparing the data for the nondusted plots, the mean average 
increases in the yield of wheat for the plots dusted three times at the 
15-, 30-, 45-, and 60-pound rates on the F.T. +6 + 4 schedule were 35.6, 

41.7, 44.5, and 55.6 per cent, respectively (Table 4, Plots 56, 63, 70, and 
77) ; and for the F.T. + 8 + 4 schedule, they were 35.0, 47.4, 30.6, and 46.6 
per cent, respectively (Table 4, Plots 57, 64, 71, and 78). For the plots 
dusted twice at the four rates on the F.T. + 6 schedule, the increases in 
yield were 29.1, 34.8, 35.3, and 27.0 per cent, respectively (Table 4, Plots 
20, 24, 29, and 33) ; and for the F.T. + 8 schedule, they were 30.0, 23.3, 

39.7, and 29.6 per cent, respectively (Table 4, Plots 21, 25, 30, and 34). 
Comparative data for plots dusted once at the 60-pouiid rate show increases 
of 24.7 and 26.7 per cent, respectively (Table 4, Plots 14 and 15). From 
these data it is evident that two applications were almost as effective as 
tiiree and that the 15- and 30-pound rates were nearly as effective as the 
45- and 60-pound rates. 
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When eoiiipariiig the data for the nondusted plots, the mean average 
increases in weight per bushel for plots dusted three times at the lo-, 30-, 
45-, and 60-pouiid rates on the F.T. + 6 + 4 schedule were 10.2, 11.8, 12.0, 
and 13.7 per cent, respectively (Table 4, Plots 56, 63, 70, and 77) ; and 
for the F.T. -i- 8 -r 4 schedule, they w-ere 11.6, 12.0, 11.2, and 13.7 per cent, 
respectively (Table 4, Plots 57, 64, 71, and 78). For the plots dusted 
twice at the four rates on the F.T. + 6 schedule, the increases in weight 
per bushel were 10.0, 10.6, 10.8, and 8.2 per cent, respectively (Table 4, 
Plots 20, 24, 29, and 33) ; and for the F.T. + 8 schedule they were 10.6, 
10.8, 9.6, and 9.6 per cent, respectively (Table 4, Plots 21, 25, 30, and 34). 
Comparative data for plots dusted once at the 60-pound rate show^ increases 
of 6.4, and 5.8 per cent, respectively (Table 4, Plots 14 and 15). From 
these data it is evident that two applications of Kolo dust were almost as 
effective as three and, further, that the 15- and 30-pound rates were nearly 
as effective as the 45- and 60-poniid rates. 

Coniparmg the mean average data for the nondusted plots, the niean 
average increases in number of grade of the wheat from the plots dusted 
three times at the 15-, 30-, 45-, and 60-pouiid rates on the F.T. -I 6 *| 4 
schedule were 2, 2, 2, and 3 grades, respectively (Table 4, Plots 56, 63, 70, 
and 77); and for the F.T. -i-8-f4 schedule, they were the same, being 2, 
2, 2, and 3, respectively (Table 4, Plots 57, 64, 71, and 78). The increases 
in iiumher of grade of wheat for plots dusted twice at the four rates for 
the F.T. -c 6 schedule were 2, 2, 2, and 1 grades, respectively (Table 4, Plots 
20, 24, 29, and 33) ; and for the F.T. + 8 schedule they w^ere 2, 2, 2, and 2 
grades, respectively (Table 4, Plots 21, 25, 30, and 34). Comparative data 
for the plots dusted once at the 60-pound rate show an increase of 1 grade 
each (Table 4, Plots 14 and 15). From these data it is evident that, 
although the increase in number of grade is not so great, two applications 
were nearly as effective as three and, further, that the 15- and 3D-pound 
rates 'were practically as effective as the 45- and 60-pound rates. 

THE EFFECT OF APPLYING KOLO DUST AT 30-, 45-, AND 60-POUND EATES, AT 
INTERVALS OF 3, 5, 7, 9, AND 11 DAYS, ON THE CONTROL OF 
STEM RUST, INCREASE IN YIELD, WEIGHT PER BUSHEL, 

AND GRADE OF MARQUIS WHEAT 

KoIo dust was applied at the 30-, 45-, and 60-pound rates. Dusting was 
started at flowering time and subsequent applications were made at 3-, 5-, 
7-, 9-, and 11-day intervals. The schedule and number of applications are 
shown on the next page. 

The percentage of stem rust was lower on the dusted than on the non- 
diisted plots, especially on those plots where the large number of applica- 
tions were made at the shorter intervals (Table 5). The average per- 
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Nu'm'ber of applications 

Intervals in days 

1. 

8 

3 

2. 

5 

5 

3. 

4 

7 

4. 

3 

9 

5. 

3 

11 


centages of rust on the near-by noiidusted plots were 67.5, 65.0, and 71.3, 
respectively (Table 5, Plots C-88, C-94, and C-100). The average per- 
centages on the plots dusted at the 30-, 45-, and 60-pound rates at 11-day 
intervals (Table 5, Plots 0-93, C-99, and C-105) were 24.5, 28.8, and 13.8, 
respectively, wdiereas on the plots dusted at the same rates at the 3-, 5-, 
7“, and 9-day intervals, the rust averaged 10 per cent less. Prom these 
data it is evident that the 9-day interval is the upper limit for length of 
time between applications. The 30-pound rate appeared to be just as 
effective as the 45- and 60-pound rates in the control of rust. 

The yields on some of the plots were quite valueless because of the un- 
evenness of the stand of wheat in the portion of the field where this experi- 
ment was performed. Quack grass {Agropyron repens) was the principal 
cause of the unevenness. For this reason part of series C and D is omitted. 
The average yields were higher on the dusted than on the nondusted plots, 
especially where the large number of applications were made at the shorter 
intervals. The average yields of near-by nondusted plots were 32.40 zt 2.31, 
33.25 dz 2.37, and 28.27 zt 2.01 bushels per acre, respectively (Table 5, 
Plots C-88, C-94, and C-100). The average yields on the plots dusted at 
the 30-, 45-, and 60-pound rates at the 11-day interval were 41.25 dz 2.94, 
29.34 zt 2.09, and 39,87 zb 2.84 bushels per acre, respectively (Table 5, Plots 
C~93, C-99, and C~105) ; for the 9-day intervals, they were 48.76 zb 3.47, 
33.61 zb 2.39, and 40.27 dz 2.87 bushels per acre, respectively (Table 5, 
Plots C-92, C-98, and C-104) ; at 7-day intervals, they ^vere 48.14 dz 3.43, 
44.33 zb 3.16, and 40.27 zb 2.87 bushels per acre, respectively (Table 5, 
Plots C-91, C-97, and C-103) ; at 5-day intervals, they were 46.10 zb 3.28, 
48.24 dz 3.44, and 40.90 dz 2.91 bushels per acre, respectively (Table 5, 
Plots C-90, C-96, and C~102) and at 3-day intervals, the yields were still 
higher, being 48.72 dz 3.47, 49.61 zb 3,53, and 44.47 dz 3.17 bushels per acre, 
respectively (Table 5, Plots C~89, C-95, and C-101). Prom these data it 
is evident that the upper limit for time elapsing between applications is 
9 days. It would appear that dusting at 3- or 5-day intervals, which would 
necessitate 8 and 5 applications, is not very practical, but that 4 applica- 
tions at 9-day intervals, or possibly 3 applications at 8-day intervals start- 
ing at flowering time, would be just as effective, besides being far more 
practical. 
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Similar correlations of the control of stem rust and increase in yield 
with quality of wheat as measured by increases in weight per bushel and 
grade also were found. As might be expected, the wheat from the plots 
dusted at the shorter intervals, which necessitated a larger number of 
applications, weighed and graded higher than that from plots dusted at 
the longer intervals. As a rule the weight per bushel and grade were 
higher for the wheat from the dusted than that from the nonclusted plots. 
The wheat from the near-by nondusted plots weighed 55.8, 53.2, and 53.6 
pounds per bushel and graded No. 3, No. 4, and No. 4, respectively (Table 
5, Plots C~88, C-94, and C-100). The wheat from the plots dusted at the 
30-, 45-, and 60-pound rates at 3-day intervals weighed 56.7, 56.3, and 57.5 
pounds per bushel and graded No. 2, No. 3, and No. 1, respectively (Table 
5, Plots C-89, C-95, and C-101) ; for the 5-day intervals (Table 5, Plots 
C-90, C— 96, and C-102), they were 56.5, 55.3, and 56.6 pounds per bushel 
and graded No. 2, No. 3, and No. 2, respectively; for the 7-day intervals 
(Table 5, Plots C— 91, C-97, and C— 103), they were 56.4, 55.8, and 57.8 
pounds per bushel and graded No. 3, No. 3, and No. 1, respectively ; for 
the 9-day intervals (Table 5, Plots C-92, C-98, and C-104), they were 
56.4, 54.8, and 58.0 pounds per bushel and graded No. 3, No. 3, and No. 1, 
respectively; and for the plots dusted at the 11-day intervals (Table 5, 
Plots C-'93, C-99, and C-105), they were 56.3, 54.9, and 57.4 pounds per 
bushel and graded No. 3 in the first two instances and No. 2 in the last. 
From these data it is evident that the wheat from the plots dusted at the 
60-pouud rate weighed and graded uniformly higher than that for the 30- 
and 45 -pound rates. 

Somewhat similar results also were obtained at Crookston when lodged 
Miudum wheat was dusted on the same schedule and at the same rates, 
although the control of stem rust was not so evident. 

THE EFFECT OP NINE APPLICATIONS OP KOLO DUST WHEN APPLIED AT THE 
60-pound rate before, during AND SUBSEQUENT TO FLOWERING 
TIME ON THE SETTING OF SEED, CONTROL OP STEM RUST, 

INCRExlSE IN YIELD, WEIGHT PER BUSHEL, 

AND GRADE OP MARQUIS WHEAT 

Since flowering time was arbitrarily selected as the time to start dusting 
operations on wheat in Minnesota for the control of stem rust, it was 
thought that Kolo dust might inhibit or be injurious to seed setting, 
although such an effect was seriously doubted, because wheat is self -ferti- 
lized and therefore the possibility of Kolo dust gaining eutrauce to the 
florets prior to or at the time of anthesis would be very small. Conse- 
quently, Marquis wheat was dusted at the 60-pouiid rate daily for 6 days, 
starting 4 days before flowering time. Following these daily applications 
the plants were dusted three times at weekly intervals. The data obtained 
are summarized in table 6. 
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In order to determine if there was any injurious effect to Kolo dust 
when applied before, during, and subsequent to flowering time, 100 spikes 
from the dusted and 100 from the nondusted plants were selected at random 
and the number of fertile florets per spike was recorded. It was found 
that there was no evidence of the failure of seed to set. In fact, the aver- 
age number of fertile florets per spike was higher for the dusted than for 
the nondusted plots, being 25.90 and 22.06, respectively. 

The dusted plants were almost completely free from stem rust. Only 
a trace was found in comparison with 82.5 per cent on the near-by non- 
dustecl plots. 

The average yield of wheat from the plants dusted 9 times was 65.02 
bushels per acre in comparison with 32.45 bushels per acre for that of the 
near-by nondusted plots. This represents slightly over a 100 per cent 
increase in yield for tlie dusted plants. 

The average weight per bushel for the wheat from the plants dusted 9 
times was 56.33 pounds and graded No. 3 in comparison with an average 
weight per bushel of 54.25 pounds and a grade of No. 4 for that of the 
near-by nondusted plots. Undoubtedly greater differences might have 
been found in the quality of wheat in the dusted and nondusted plots, if 
the former had been allowed to go to full maturit^^ before being harvested. 
As it was, these dusted plots, still fairly green, were harvested along with 
the others which were then ripe. 

THE effect of ONE APPLICATION OP KOLO DUST BY BROADCASTING OVER THH 
SOIL, ON THE CONTROL OP STEM RUST, INCREASE IN YIELD^ 

WEIGHT PER BUSHEL, AND GRADE OF MARQUIS WHEAT 

It was thought that there might he some fertilizer effect of Kolo dust 
that would not be taken into consideration when interpreting the data. 
Consequently, an experiment was conducted in which Kolo dust was ap- 
plied broadcast to the soil between the rows of wheat at flowering time, at 
tlie following pound rates per acre: 30, 60, 120, 240, 480, 960, and 1,920. 
The data a;re sunimarized in table 7. 

There was no observable evidence of the control of stem rust on the 
plots to which Kolo dust was applied broadcast to the soil when compared 
with that oil the plots to which no Kolo dust was applied. The average 
]oercentage of stem rust on the peduncle of the plants in this experiment 
ranged from 53.8 to 61.3. If it is assumed that the volatile sulphur fumes 
in Kolo dust are a toxic agent, then there apparently was an insufficient 
amount of sulpliur volatilized at any one time from Kolo dust on the soil 
to inhibit the development of the rust fungus. 

There appeared to he no fertilizing effect by broadcasting Kolo dust to 
the soil. The average yields of wheat on the plots to which Kolo dust had 
been applied broadcast were not signifleantly different from those on the 
plots to which no Kolo dust had been applied. 
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Similarly, the weights per bushel and grades of wheat from the plots 
to which Kolo dust was applied broadcast did not differ significantly from 
those of the plots to which no Kolo dust was applied. 

A similar experiment was carried out at Crookston where Kolo dust 
was applied broadcast to the soil, at the same rate and time, between the 
rows of Mindum wheat. There were no observable evidences of the control 
of stem rust, nor increases in yield, weight per bushel, or grade of wheat 
from such treated plots. 

THE EFFECT OF SEVEN APPLICATIONS OF KOLO BUST W^HEN APPLIED AT THE 
60-POUND RATE AT 5-DAY INTERVALS ON THE CONTROL OF ORANGE 
LEAF AND STEM RUSTS„ INCREASE IN Y^IELD^ WTEIGHT PER 
BUSHEL, GRADE, AND PROTEIN CONTENT 
OP RUBY W^HEAT 

Kuby wheat was sown in three 1/40-acre plots on April 27. One-half 
of each plot was dusted with Kolo dust at the 60-pound rate. The first 
application was made on June 27, one week before flowering time, and 6 
subsequent applications were applied at 5-day intervals. Notes on the 
prevalence of orange leaf rust were taken on August 1 and on stem rust on 
August 8. Three separate square-yard samples were harvested from both 
the dusted and nondusted portions of each of the 1/40-acre plots on August 
8. The data obtained are summarized in table 8. 

Since very little stem rust developed at Crookston on Ruby wheat, 
which was 10 days earlier than Marquis, there were no significant differ- 
ences in the amount of stem rust on the peduncles of the dusted and iion- 
dusted plants. However, there were significant differences in the amount 
of orange leaf rust on the dusted and nondusted plants. On the former 
there was only 26.7 per cent in comparison with 97 per cent for the latter. 
The leaves withered and dried up on the nondusted plants, whereas the 
leaves on the dusted plants remained green and functioned for a longer 
time. 

The average yield of wheat from the dusted plants was 28.65 bushels 
per acre in eomparison with 21.00 bushels per acre for the nondusted 
plants. This represents a 7.65 bushel or a 26.7 per cent increase in yield 
as a result of the reduction in the amount of orange leaf rust and what 
little reduction there was in the amount of stem rust. 

The average weight per bushel for the wheat from the dusted plants 
was 61.0 pounds in comparison with 56.7 pounds for that of the nondustecl 
plants. This represents an increase of 4.3 pounds per hiishel in weight 
for the wheat from the dusted plants. The wheat from the dusted plants 
graded No. 1 in comparison with a grade of No. 2 for that of the nondusted 
plants. As a further indication of the shrinking of the wheat kernels, 250 
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TABLE 8.~Tlie effect of 7 applications of Kolo dust wlieoi applied at the rate of 60 
pounds per acre at 5-day mtervals on the control of orange leaf and stern 
rusts and on yield, weight per hushel, grade, and protein content 
of Euhy wheat at Croohston, Minnesota, in 19^7 


Plot 



Series 

Avpr‘;i.oi-R 

HD. 


A 

B 

c 

Stem rust per cent on the peduiiele 

C-400 

Dusted 

2.00 

1.00 

3.00 2.00 

C-401 

Nondusted 

4.00 

5.00 

4.0D 4.30 

Leaf rust per cent 

C-400 

Dusted 

25.00 

30.00 

25.00 2S.70 

c-401 

Nondusted 

98.00 

98.00 

95.00 97.00 



YUeld per acre 

in bushels 


C-40CI 

Dusted 

31.17 

28.80 

25.96 28.65 

C-401 

Nondusted 

23.47 

19.79 

1.0.74 21.00 

W^eiglit per bushel in pounds 

c-400 

Lusted 

61.00 ■ 

61.00 

61.00 61.00 

C-401 

Nondusted 

57.00 

56.00 

57.00 55.70 

\Veight per 250 seeds in grams 

c-400 

Dusted 

2.99 

2.96 

2.88 2.94 

C-401 

Nondusted 

2.37 

2.08 

2.23 2.23 



Protein content 

in per cent 


c-400 

Dusted 

15.88 

15.38 

13.13 14.80 

C-401 

Nondusted 

14.80 

15.44 

15.25 15.16 

Grade number i 

C-400 

Dusted 

1 

1 

1 1 

C-401 

Nondusted 

2 

3 

2 2 


seeds ivere picked at random from each lot and 'vveigliecL The 250 seeds 
from the dusted plants weighed 0.718 gram more than seeds from, tlie iioii- 
diisted plants. Undoubtedly orange leaf rust had some effect on the shrink- 
ing of the wheat kernels. 

The protein content of the wheat from the iiondusted was slightly higher 
than that from the dusted plants. The average protein-content percentage 
was 15.16 for the former in comparison with 14.80 for that of the latter. 
Dusting with Iiolo dust to control orange leaf rust and stem rust hardly 
would be expected to affect the protein content of wheat. The wheat from 
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the iiondusted plants was more shrunken and the relative amounts of 
carbohydrates and water are probably low^er than in the plumper wheat 
from the dusted plants. Consequently, since the protein content is not 
affected by the rust, it would be proportionately higher in the wheat from 
the uDiidusted plants than in that from the dusted plants. 

summary 

1. Experiments on the control of cereal rusts by dusting with Kolo 
dust w^ere carried out at Morris, Crookston, and St. Paul, Minnesota, in 
1927. Varieties of wheat most extensively growm in Minnesota were used 
ill these tests. Marquis and Ruby, common bread wheats, and Mindum, a 
durum wheat, were grown. There were over 2,000 plots in the entire 
experiment at these three stations. 

2. The mean averages of the data on the Marquis wheat plots at Morris, 
Crookston, and St. Paul, dusted 3 times with Kolo dust, show as high as 
an 80.2 per cent reduction in the amount of stem rust; a 57.1 per cent 
increase in yield; and a 13.7 per cent increase in weight per bushel, as well 
as an increase in the grade of wheat when compared with that of the non^ 
dusted plots. The most effective dusting schedule for three applications 
of Kolo dust at the three stations from the standpoint of timeliness of 
application was the F.T. -f 6 -h 4, or F.T. + 8 + 4 schedule, where the second 
application was made either 6 or 8 days after the flowering-time applica- 
tion followed by a third application 4 days after the second. The 15- and 
30-ponnd rates were found to he essentially as effective as the 45- and 
60-pound rates. 

3. The mean averages of the data on the Marquis plots dusted twice 
with Kolo dust show as high as 50.3 per cent decrease in the amount of 
stem rust; a 39.7 per cent increase in yield; and a 10.8 per cent increase 
in w^eight per bushel, as w^ell as an increase in the grade of wlieat when 
compared with that of the nondusted plots. The most effective schedule 
for two applications of Kolo dust at the three stations was the F.T. + 6, or 
F.T. + 8 schedule, wdiere the second application was made either 6 or 8 
days after the flowering-time application. Again the 15- and 30-pound 
rates were found to be nearly as effective as the 45- and 60-pound rates. 

4. Although with two applications of Kolo dust the control of stem 
rust was not so great as with three applications, nor the increase in yield, 
w^eight per bushel, and grade so high, yet for practical purposes two appli- 
cations of Kolo dust w^ere almost as effective as three, and further the 
15-pound rate was practically as effective as the 60-pound rate. 

5. Although there were no significant observable evidences of the con- 
trol of stem rust with one application of Kolo dust, such treated plots 
repeatedly yielded slightly more wheat which weighed and graded slightly 
higher than that for the nondusted plots. 
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6. At Croolvston, when Marquis wheat plots were dusted with Kolo dust 
at the 30-, 45-, and 60-ponnd rates at 3-, 5-, 7-, 9-, and 11-day intervals 
starting at flowering time, the upper limit for length of time elapsing 
hetw’-een applications of Kolo dust W'as found to be 9 days. It 'would 
appear that dusting at 5- or 3-day intervals, which would necessitate five 
or eight applications, is not very practical. Pour applications at 7-day 
intervals or three applications at 8- or 9-day intervals starting at flowering 
time, wdiieli were almost as effective as the larger number of applications at 
shorter intervals, would be far more practical. 

7. At Crookston, Marciuis wdieat plots dusted with Kolo dust at tlie 
60-pound rate before, during, and subsequent to flowering time of the 
wheat plant did not inhibit or prevent the setting of seed. No injury 
whatsoever was obseiwecL 

8. At St. Paul, wAen Kolo dust was applied broadcast to the soil be- 
tween the rows of Marquis at flowering time in amounts ranging from 30 
to 1,920 pounds per acre, there w^ere no observable evidences of the control 
of stem rust, nor increases in yield, weight per bushel, and grade of wheat 
from such treated plots in eomioarisoii with those for the plots to which no 
Kolo dust was applied. Similar results also were obtained at Crookston 
where Kolo dust was applied broadcast to the soil at the same rate and 
time in a field of Mindum wdieat. 

9. At Crookston, Kuby w^heat plants dusted seven times with Kolo dust 
at the 60-poiind rate at 5-day intervals yielded 26.7 per cent more wdieat 
than nondusted plants. This increase in yield, as w^ell as an increase in 
weight per bushel and grade, w^as ascribed to the marked decrease in the 
amount of orange leaf rust, since there wms very little stem rust in the 
Ruby plots. The protein content of wheat from the nondusted plants wus 
found to be slightly higher than that of the dusted plants, being 15.16 and 
14.80 per cent, respectively. 
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CEOSS-INOCTJLATION EXPERIMENTS WITH ERIGBRON 
YELLOWS AND PEACH ROSETTE 

J. A. McClintock 

Reference to ‘'Tlie Plant Disease Reporter”^’ ® indicates that 

peach rosette is on the increase and is spreading farther northward. Its 
reported presence in Kentucky and Illinois within the past three years in- 
dicates that this disease has wild-host plants in these new areas and that 
natural carriers are spreading it to cultivated hosts of commercial im- 
portance. 

As earl,y as 1891 Smith (11) suspected that rosette-infected wild plums 
were a natural source of infection for peaches, and later the writer (10) 
verified Smith’s suspicions. 

Failure to add to the contributions regarding the natural means of dis- 
seminating peach rosette led the writer to consider the suggestion by 
ValleaiP that diseased wild Erigeron plants might be associated with the 
presence of peach rosette. 

According to ^‘The Plant Disease Reporter/’- peach rosette was re- 
ported from Tennessee by "Waite, in 1907, by Essary, in 1913 and 1917, and 
by Hesler, in 1920, but no mention was made of its association with wild 
hosts in that State. Since 1922 the writer has observed natural infections 
of rosette in peaches and plums in Maury, Williamson, Madison, and Knox 
counties, Tenn. Search in the vicinity of diseased trees in each case failed 
to locate rosetted wild plums from which such infections might have 
spread. 

Erigeron canadensis L. is a common weed in waste lands and abandoned 
fields throughout Tennessee. Yellows-infected Erigeron plants are not 

1 [Valleaii, W. D.] Peach rosette found in KentuchT. XT. S. Dept. Agr., Bur. 

Plant Industry. Plant Dis. Rptr. 11: 133. 1927. [Mimeographed.] 

2 United States Department of Agriculture, Bureau of Plant Industry. Peach 
rosette. Plant Dis. Eptr. Sup. 60 : 170-171. 1928. [Mimeographed.] 

3 [Vallean, W. D.] Outbreak of peach rosette. XT. S. Dept. Agr., Bur, Plant 

Industry. Plant Dis. Kptr. 12: 62-63. 1928. [Mimeographed.] 

4 [Anderson, H. W.] A report of peach rosette from Illinois. U. S. Dept. Agr., 

Bur. Plant Industry. Plant Dis. Eptr. 12: 90. 1928. [Mimeographed.] 

5 United States Department of Agriculture, Bureau of Plant Industry. Eeports on 

peach yellows, rosette and little peach. Plant. Dis. Rptr. 12: 103. 1928. [Mimeo- 

graphed.] 

^ [Waite, M. B,] Peach rosette in South Carolina. XT. S. Dept. Agr., Bur. Plant 
Industry. Plant Dis. Rptr. 12: 142. 1928. [Mimeographed.] 

r United States Department of Agriculture, Bureau of Plant Industry. Peack 
rosette. Plant Dis. Rptr. Sup. 70: 219. 1929. [Mimeographed.] 

s [Waite, M. B.] Peach rosette occurs in Oklahoma. U. S. Dept. Agr., Bur. Plant 
Industry. Plant Dis. Rptr, 13: 52. 1929. [Mimeographed.] 
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luicommoii wherever this weed grows, and a study of these diseased plants 
ill various sections of Tennessee indicates that they have symptoms strik- 
ingly similar to rosette of peach. 

Experiments by Kunkel (6) have proved that yellows of China asters, 
Callistephiis chine^isis Nees, can be transmitted to Erigero'n annuits L. and 
E. canadensis L. ; therefore, it is assumed that in using the diseased wild 
Erigeron plants the writer was ivorking with the aster-yellows virus. 
Erigeron canadensis is the only species of Erigeron used in tliese experi- 
iiients. 

Cross-inoculation experiments with aster yellows and peach j^ellows con- 
ducted by Kunkel (6) led the writer to suspect that yellows in asters and 
its other host plants was different from the various virus diseases of the 
peach. However, the suggestion by Yalleau® brought to attention the fact 
that peach rosette is distinct from peach yellows and has a greater known 
host range and might, therefore, be transmitted to Erigeron with symptoms 
similar to aster yellows and yet appear in peach and plum as a 
rosette disease. 

As the control of these virus diseases is closely associated with a knowl- 
edge of their wild as well as their cultivated hosts, it seemed desirable to 
study the relation between Erigeron yellows and peach rosette. 

In Erigeron canadensis the causal agent of yellows is virulent, like the 
causal agent of rosette in peach, often killing the host quickly, as contrasted 
with mosaics in other annuals and yellows in peaches. This is illustrated 



Fig. 1. A. A plant of Erigeron canadensis which became naturally infected with 
aster yellows early in the season. This plant attained a height of 161 inches and died 
hy August 5, 1930, without producing any seed. B. A peach tree completely infected 
ivith rosette. Note the greatly shortened internodal growth. Compare with A and 
:figure 2, A. 

» Loe. cvt., 3. 
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by figuie 1, A, a natiiral infection of Erigeron which was first observed 
June 18j 1930, and was entirely dead when observed August 5, 1930. 
Numerous similar cases were observed during 1929. Reference to figure 1, 
A, also shows another similarity between Erigeron yellows and peach 
losette (Pig. 1, B), namely, the greatly shortened internodal growth, which 
pioduces a rosetted appearance in both eases. This Erigeron plant, in- 
fected early in the season, attained a height of only 16~J- inches. While in 
contrast numerous healthy plants of E, oanadensis attained a height of 6 
to 8 feet before being killed by cold weather in the late fall of 1929. 

In cases where Erig’eron plants attain considerable size before being in- 
fected, only the new growth shows the typical yellows appearance (Pig. 
2, A). The same is true of peaches and plums that become infected with 
peach rosette after considerable growth has been made during a given grow- 
ing season. Erigeron canadensis may also have the one-sided type of infec- 
tion described by Kunkel (6) in asters. This is also true of peaches and 
plums in cases of early rosette infection. Peach trees infected by rosette 



Pig. 2. A. Left, a healthy plant of Erigeron canadensis. Bight, a similar plant 
which became infected with aster yellows after it had attained considerable size. Note 
the shortened internodal development on all of the new top growth of this plant. B. A 
peach limb with attached cloth bag used as a cage to hold yellows-infeeted Erigeron 
plant and its associated insects in close contact with tender peach shoots and leaves. 
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develop a pale yelloAvisli green color, in contrast to tlie normal green of 
liealthy peach trees. This is strikingly the ease in E. canadensis infected 
with yellows. 

Peach trees that become infected with rosette after they have set fruit 
may mature that crop, yet trees that show a complete rosetted condition 
early in the spring generally fail to set any fruit, even though they' have 
produced blossoms. Reference to figure 1, A, shows that early natural in- 
fection of Erigeron canadensis with^ yellows also results in the failure of 
the plant to produce seed. Numerous eases of this kind were observed in 
1929. 

EXPERIMENTS ON SEED TRANSMISSION OF ERIGERON YELLOWS 

Reddick and Stewart (10), McClintock (7), G-ardner and Kendrick (5), 
Dickson (2), Archibald (1), and Fajardo (4) have found that the seed of 
various mosaic-infected leguminous plants transmitted the causal agent; 
while in the composite plants Kunkel (6) has proved that yellows-infected 
asters did not transmit the causal agent through the seed. Kunkel states, 
however, ‘‘It is possible that yellows may be transmitted through the seeds 
of some host plant other than astersP’ As the work of Doolittle and 
AYalker (3) showed that the seed of the wild cucumber (Micrampelis lolaia 
(Miehx.) transmits the causal agent of cucumber mosaic, while the seeds of 
cultivated cucumbers, iniiskmelons, pumpkin, and squash do not, it seemed 
desirable to test the seed of Erigeron canadensis as one of the wild hosts of 
aster yellows. 

Under the mild -weather conditions of Tennessee, Erigeron canadensis 
is often a winter annual. The seeds germinate and produce small plants 
which grow slowdy thronghont the fall and winter and complete their 
growth during the following spring and siinimer. Thirty-four such plants, 
dug at random over the University farm and brought to the greenliouse 
December 13, 1929, developed no symptoms of yellow’s, and in August, 
1930, matured seed the same as seedlings started in flats in the greenhouse. 

Plants of Erigeron canadensis that become infected w’ith yellows after 
making considerable growih may mature some seed. During tlie summer 
and fall of 1929 mature seed was collected from several typical yellows- 
iiifeeted Erigeron plants growing on the University farm. On November 
2, 1929, seed from tw’o of these diseased plants w’as planted in twi) flats of 
good greenhouse soil and held on a greenhouse hench. This seed w’as some- 
what skuver in germinating than seed from healthy plants planted in other 
flats on the same date, but the hundreds of seedlings from the two yellow^s- 
iiifected Erigeron plants grew normally and never developed any symptoms 
of disease. These plants w’ere not transplanted, but during August, 1930, 
the fevr plants left in the greenhouse were producing seed the same as any 
other healthy plants. 
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On May 22, 1930, another flat was thickly planted to seed collected from 
one yellows-infeeted Erigeron plant on August 6, 1929. In this case the 
seedlings were above ground in 8 days, the same as those from seed of 
healthy plants seeded on the same date. Both lots of seedlings were 
allowed to grow in their respective fiats on greenhouse benches until 
August 11 when they were transplanted to 4-incli pots. None of the 378 
plants from seed collected from the yellows-infected Brigeron plants 
showed any symptoms of yellows during this 84-day period. 

These tests indicate that seed from plants of E rig era n canadensis in- 
fected with yellows do not transmit the causal agent to their seedlings and 
that Brigeron seeds are probably not a factor in disseminating yellows. 

EXPERIMENTS ON INSECT TRANSMISSION PROM YELLOWS-INFECTEU 
ERIGERON TO PEACH 

Observations of both healthy and diseased plants of Erigeron canaden- 
sis' in various stages of develoxDinent disclosed the fact that they are fre- 
quented by various insects, including numerous unidentified beetles and 
grasshoppers j tarnished plant bugs, Lygus %>rafensis Linnaeus; several leaf 
hoppers, as Empoasca mail LeBaron, Enipoasca flavescens Fab., and 
Cicaditla sexnoiaia Fall; and some aphids, as the green peach aphid, 
Bho'jyalosiphum persicae Sulzer, the green potato aphid, Macrosiplnmi 
solanifoUi Ashmead; the potato flea beetle, Epitrix cucAmieris Paris; and 
the twelve-spotted cucumber beetle, Diahrotica cluodecimpimctata Olivier. 
The bunching of the leaves on the yello'vvs-inf ected Erigeron plants fur- 
nished good hiding places for insects, and it w^as surprising how many could 
be found on a single diseased plant. 

To obtain material for mass insect transfers, the writer used new 
porous-cloth bags with a draw string at the top and a cloth label sewed in 
at the bottom. These bags, measuring about 17 inches in length and 7 
inches in diameter, Avheii fully opened, were taken to the field to serve as 
insect cages. By selection among the yellows-infected plants of Erigeron 
canadensis, typical ones w^ ere obtained that were a size suitable to enclose 
within a bag. By drawing an open bag down over the top of a plant, then 
breaking off the stem and quickly pulling the draw string, it was possible 
to cage most of the insects on a diseased plant. The insects on 10 typical 
yellow\s-infected Erigeron plants were thus caged in separate bags on 
August 6, 1929. These were carried at once to a row of healthy peach 
trees, where, one by one, the bags were carefully opened and slipped over 
the ends of peach limbs. The draw strings were then wrapped several 
times around the closed mouth of each bag and tied, thus holding the en- 
closed yellows-infected Erigeron tops and the associated insects in close 
contact with tender growing peach shoots and leaves, as seen in figure 2, B. 



378 


Phytopathology 


[VoL, 21 


On August 14, or 9 days after tlie 10 bags were tied about the peach limbs, 
5 were loosened and removed. The peach limbs and leaves showed no ill 
effects from enclosure in the porous-cloth bags, hut the Erigeron tops were 
wilted and dry. Various insects were still alive; therefore, they must have 
fed on the enclosed peach leaves after the Erigeron tops had dried. The 
other 5 bags were left closed about the peach shoots throughout the fail, 
winter, and spring. When these bags were removed, May 1, 1930, the por- 
tions of the limbs that had been within the bags were dead or dying; while 
the rest of each limb appeared normal and fruits had set the same as on 
other limbs. At this time each of the 10 trees upon which bags of insects 
had been caged was carefully examined and found to be normal and bear- 
ing a good crop of fruit. These 10 trees were under observation through- 
out the summer and have matured normal crops of fruit. Up to Septem- 
ber 1, 1930, none has developed symptoms of peach rosette, or any other 
symptoms that might be suspected of coming from infection of diseased 
Erigeron plants. 

As the leaf hopper, Cicadula sexnoiaid, which Knnkel (6) has proved 
to be a carrier of aster yellows to Erigeron and back to asters, was present, 
along with other insects on the yellows-infected Erigeron plants enclosed 
in the bags about the peach limbs, opportunity was afforded for the trans- 
fer of the causal agent from diseased Erigeron to peach. The fact that no 
disease appeared on the 10 peach trees indicates, that Erigeron; yellows is 
not readily transmitted to peach and probably is a different disease from 
peach rosette. 

EXPERIMENTS ON MECHANICAL TRANSMISSION OP ERIGERON YELLOWS 

TO PEACH 

On August 6, 1929, a number of Erigeron plants in various stages of 
yellows were pulled up, root and all, and run through a grinder. The 
crnshed mass was then put in a press and 130 cc. of juice extracted and 
enclosed at once in a tightly corked bottle. By means of a large hypoder- 
mic needle with a fine point, tap-water was injected into a number of pea eh 
twigs and fruits to serve as checks. With the same needle, undiluted j iiiee 
extracted from the yellows-infected Erigeron plants was injected into more 
than 100 growing peach tips and green fruits. These inoculations included 
20 peach trees. No disease developed during the remainder of the season 
of 1929, and in the spring of 1930 these trees blossomed, foliated, and later 
bore a crop of normal fruit, the same as the cheek trees. Up to September 
1, 1930, none of these trees showed any symptoms of disease. 

These experiments indicate that juice from yellows-infeeted Erigeron 
plants will not readily produce rosette when artificially injected into 
actively growing peach shoots and fruits. 
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EXPERIMENTS ON THE TRANSMISSION OF ROSETTE FROM PLUM TO 
PEACH AND CHERRY BY BUDS 

To determine tlie relative effectiveness of Erigeron yellows, and true 
rosette of Primus in transmitting rosette, buds were taken from a typical 
rosetted plum tree on August 14, 1929, and put in 4 trees of cultivated 
varieties of peaclies and 4 sand cherries, Prunus pitmila L. In all cases 
bark buds were inserted and tied with ^-incli rubber strips manufactured 
for nursery purposes. The buds all united with the respective stocks, but 
no symptoms of rosette appeared during the rest of the 1929 growing 
season. 

On December 7, 1929, 2 of the 4 sand cherries into which rosette plum 
buds were inserted were dug from the nursery row and set in 2 lO-inch 



Fig. 3. A. Sand cherries inoculated with buds from a rosette-infected plum. Note 
the typical rosetted cherry shoots from the few lateral buds which developed. The bal- 
ance of the lateral, and the terminal buds are still dormant. These 2 sand cherries were 
the source of inoculum for cross inoculations to Erigeron and plum. B, Plum trees into 
which dormant buds from rosette sand cherries were inserted April 2, 1930. Note the 
condition August 26, 1930, with rosette sand-cherry shoots at A and rosette plum shoots 
at B. Other rosette plum shoots are partly covered by older leaves. 
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pots, wMck were transferred to the greenhouse. On February 6, 1930, 
symptoms of rosette began to appear on the new growth of both sand cher- 
ries growing in the greenhouse. The manifestations of rosette on these 2 
sand cherries differed from rosette on this host under field conditions in 
that only a few lateral buds grew into rosetted shoots early in February, 
while most of the lateral and some of the terminal bnds remained dormant, 
as seen in figure 3, A. Some weeks later additional lateral and terminal 
buds developed rosetted shoots. In all cases the new growth was typically 
rosetted, and the few blossoms which opened failed to set fruit. These 2 
sand cherries were the source of all rosetted material used in subsequent 
tests in the gTeenhouse unless otherwise stated. 

With the beginning of new growth in the spring of 193G the other 2 
sand cherries developed typical rosette in all of their new growth. The 4 
peach trees budded to rosette plums August 14, 1929, also developed typi- 
cal rosette in the spring of 1930. Thus rosette was transferred by budding 
from rosette plum to peach and sand cherry in 100 per cent of the cases, 
while Erigeron-yellows inoculations made about the same time were en- 
tirely negative. 

These experiments indicate that conditions were favorable for infection 
of rosette at the time the Erigeron-yellows inoculations were made in' the 
field during the summer of 1929. This is further evidence that Erigeroii 
yellows and peach rosette are two different diseases. 

Incidentally, this is the first record of rosette being artificially trans- 
mitted to sand cherries, though one ease of natural infection of sand cher- 
ries with rosette was observed by the writer during the summer of 1929. 

As the pits from which these sand cherries were raised came from large, 
wild thickets on the sand dunes near Lake Michigan, the presence of rosette 
ill Illinois, as previously mentioned, indicates that this disease is getting 
near an abundant supply of wild host plants in the North. 

EXPERIMENTS ON MECHANICAL TRANSMISSION OP ROSETTE FROM 
SAND CHERRIES TO ERIGERON CANADENSIS 

On February 22, 1930, 4 healthy plants of Erigeron canadensis were 
inoculated with rosette as follows. Leaves were cut from the 2 rosetted 
sand cherry trees growing in the greenhouse, and the leaf blades and peti- 
oles crushed into leaf blades and petioles of the Erigeron plants. The 
plants were then labeled and at once placed under closed bell-jars. Under 
these humid conditions the rosetted sand cherry leaves dried very little, 
but within a few days fungi began to develop on the crushed surfaces, and 
the bell-jars were therefore removed. The Erigeron plants continued to 
grow normally on the greenhouse benches. By May 9, 1930, these plants 
were about 18 inches tall and appeared as normal as cheek plants which 
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liad liad only tap-water eruslied into their leaves and petioles on February 
22. On August 12, 1930, both the inoculated plants and checks had 
matured seed without showing any symptoms of disease. 

On March 13, 1930, a succulent shoot from a rosette sand cherry was 
crushed into the tips of each of the new leaves of a healthy potted 
Erigeron plant and the plant at once placed under a low closed bell jar and 
left until March 15. The film of moisture that collected on the under side 
of the bell jar indicated that the air inside of the jar was very humid dur- 
ing this 3-day period. By August 12, 1930, this plant and its check had 
each matured a crop of seed without either showing any symptoms of 
disease. 

On March 13 exudate from the leaf glands of rosetted sand cherries was 
transferred on a flamed dissecting needle and pricked into the leaf blades 
and petioles of a potted Erigeron plant. Tap water pricked into a similar 
plant with a flamed needle served as a check. The plants were placed 
under closed bell jars for several days and then held on the greenhouse 
bench. By May 9 these plants had reached a height of 10 inches and both 
appeared healthy. By August 12 these plants had matured crops of seed 
wdthout showing any symptoms of disease. These experiments indicate 
that the causal agent of rosette cannot be readily transmitted from sand 
cherries to plants of Erigeron canadensis by the ordinary mechanical meth- 
ods used in transferring virus diseases of the mosaic type in other plants. 

On May 17, 1930, two bark buds were cut from 1930 rosette growth of 
sand cherries and put in T-sliape slits through the bark of 2 plants 
of Erigeron canadensis 18 inches tall, growing in 6-inch pots. At the same 
time 4 wood buds were cut from 1-year-old growth of a plum that 
had shown typical rosette throughout the season of 1929. These buds were 
set in T-shape slits through the bark of 4 Erigeron plants 15 to 18 inches 
tall, growing in 6-iiieli pots. Two strips of bark without buds were cut 
from 1-year-old slioots of the same rosetted plum and put into slits through 
the bark of 2 Erigeron plants 16 inches tall, growing in 6-inch pots. All 
of these buds and bark strips, as well as elieeks, consisting of healthy buds 
and bark strips similarly inserted, were tied with i-inch rubber strips. 
There was no expectation that tissue union would take place between the 
sand cherries or plums and the Erigeron plants, but it was known that this 
method would hold rosette Prnnns tissues in close contact with succulent 
Erigeron stem tissues. Both the inoculated plants and the cheeks eontin- 
ned to grow normally on the greenhouse bench and by August 12 were pro- 
ducing flowers and seed without showing any symptoms of disease. These 
experiments further indicate that rosette of si^ecies of Prnniis is not readily 
transmitted to plants of E. canadensis by mechanical means. Together 
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with the other experiments, this failure of mechanical transfer indicates 
that peach rosette is not the same as Erigeron yellows. 

EXPERIMENTS ON INSECT TRANSMISSION OP PEACH ROSETTE FROM 
SAND CHERRIES TO ERIGERON 

As these experiments were conducted in limited greenhouse space, the 
writer had to rely on such insects as chanced to be available. 

In experiments with spinach blight MeClintock and Smith (8), and, 
later, in studies on peach rosette, MeClintock (9) observed that feeding 
aphids that were qiiickl}^ or roughly removed from plants on which they 
were feeding were often, injured so that they did not thrive when trans- 
ferred to a new host. If similar feeding aphids were disturbed by being 
brushed lightly with a small cainePs-hair brush they usually ceased feeding 
and began to crawl about on the host plant. They could then be removed 
with the brush and, when transferred to a new host, would generally quiet 
down and resume feeding in a short time. This method was used in all of 
the following greenhouse transfers of aphids and appeared to be successful 
except in the case of the melon aphid, as mentioned later. 

TRANSMISSION EXPERIMENTS WITH GREEN PEACH APHIDS 

On March 13, 1930, a number of young and mature green peach aphids, 
Rhopalosiphum persicae Sulzer, that had been feeding for more than a week 
on succulent, rosette sand-cherry shoots in the greenhouse, were removed to* 
a half Petri dish with a camePs-hair brush. The aphids were brushed from 
the dish and allowed to fall onto the leaves of several potted Brig- 
eron plants. After labeling, the pots were held on the greenhouse bench 
for several days; then the aphids were killed b}" spraying with a conmier-^ 
cial brand of pyrethnim soap. The plants continued to grow normally and, 
early in August, matured a crop of seed without sliowing any symptoms of 
disease. 

On March 13, 6 adult green peach aphids which had been feeding for 
more than a week on rosette sand-cherry shoots were removed with a, 
eamers-hair brush, and 3 were transferred to each of 2 healthy potted 
Erigeron plants. After labeling, the pots were enclosed in a bell jar for 
se^eial dajs. The aphids were then killed with a pyrethnim soap spray. 
By May 9 the 2 plants had reached a height of 8 and 12 inches, respec- 
tively, and showed no symptoms of disease. By August 12 both plants were 
nearing maturity and appeared as normal as the check plants, 

Oe March 17, an adirlt green peach aphid, which had fed more than a 
week on rosette sand cherry tissue, was transferred by a camel’s-hair brush 
and dropped onto a healthy Erigeron plant. During the several days this 
plant was held under a bell jar, a colony of young aphids became well estab- 
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lished on it. About two weeks later the plant was freed of all aphids by 
means of a pyretlirimi-soap spray. This plant continned to grow normally 
and by early in August had produced a crop of seed without showing any 
symptoms of disease. 

On April 8, 1930, two healthy Erigeron plants in 3-incli pots were set 
on a 10-inch pot in contact with peach seedlings to which 25 green peach 
aphids had been transferred from rosette sand cherries on April 2. 
Aphids readily crawled from the peach seedlings to the Erigeron plants, 
which were then moved to the greenhouse benches and left for 2 weeks, 
after wdiich the aphids were killed with a pyrethrum-soap spray. By May 
9 these 2 Erigeron plants had reached a height of 12 inches and were ap- 
parently quite normal. By August 5 these plants had matured seed with- 
out showing any symptoms of disease. 

In all cases green peach aphids appeared to thrive on the Erigeron 
plants after being transferred from the rosette sand cherries. 

These tests indicate that the green peach aphid did not transmit rosette 
from sand cherries to plants of Erigeron canadensis. 

TRANSMISSION EXPERIMENTS WITH MELON APHIDS 

On March 16, 20 melon aphids, Aphis gossypU Glover, wdiich had been 
established for some time on the new growth of rosette sand cherries, w^ere 
transferred with a camel’s-hair brush to a half Petri dish and dropped 
from there onto 2 healthy Erigeron plants growing in separate pots. The 
pots were at once enclosed in a bell jar. These aphids failed to become 
established on Erigeron plants. They crawled about over the plants and 
pots and onto the soil and the inside of a bell jar but did not appear to feed 
or reproduce as the green peach aphids had done. Within a few^ days these 
aphids all disappeared from the Erigeron plants. The 2 plants continued 
to grow normally and, by early August, had matured seed without showing 
any symptoms of disease. 

TRANSMISSION EXPERIMENTS WITH BLACK PEACH APHIDS 

On April 12, 1930, 22 black peach aphids, Aphis p6rsicae-7iiger Smith, 
in various stages of development, which had been established on succulent 
rosette sand-cherry shoots for several w^eeks, w^ere transferred with a 
camers-hair brush to a half Petri dish. From this they were dropped onto 
3 healthy Erigeron plants growing in separate pots. After being labeled, 
the pots were enclosed in bell jars for 4 days; then removed and allow^ed 
to grow on the greenhouse bench, after which the aphids were killed with 
a pyrethrum-soap spray. No symptoms of disease had developed on these 
plants by early August, when they were maturing seed. 
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TRANSMISSION EXPERIMENTS WITH MEALY BUGS 

Shortly after the potted sand cherries began to develop new rosetted 
shoots in the greenhouse they became infested with the common mealy bug; 
FsBiidococcus citri Risso. These insects appeared to thrive on the rosette 
sand cherries in the greenhonse but failed to survive when taken to the 
open. 

On March 13, with the aid of a dissecting needle and a camePs-hair 
brush; 2 of these mealy bugs were transferred from the underside of rosette 
sand-cherry leaves to a healthy Erigeron plant growing in a 3 -inch pot. 
While the mealy bugs appeared to establish themselves at once on the lower 
surfaces of Erigeron leaves, they were both found dead when the plant was 
removed from under a bell jar 5 days later. The Erigeron plant continued 
to thrive on the greenhouse bench and, by August 12, had matured seed 
without showing any symptoms of disease. 

TRANSMISSION EXPERIMENTS WITH TARNISHED PLANT BUGS 

On March 13, 2 tarnished plant bugs, Lygiis i^ratensis Liiinaeiis, cap- 
tured in a eommercial peach orchard, were placed in a porous-cloth bag 
drawn over a clump of succulent rosette sand cherry shoots. After 3 days 
in this cloth cage the 2 tarnished plant bugs were freed under a bell jar 
containing a healthy Erigeron plant. AVliile the bugs were considerably 
disturbed by^ their transfer, they soon crawled to the Erigeron plant, where 
they remained for several days. When the bell jar was removed, later, 
both bugs were found dead. This Erigeron plant continued normal growth 
on the greenhouse bench and, by early August, had matured seed without 
developing any symptoms of disease. 

These tests indicate that melon aphids, black peach aphids, mealy bugs, 
and tarnished plant bugs do not readily transmit rosette from diseased sand 
cherries to plants of E. canadensis. 

BUD INOCULATIONS PROM ROSETTE SAND CHERRIES TO PLUMS 

To determine the ability of the sand cherry to transmit rosette to other 
susceptible hosts, as well as to learn whether conditions were favorable for 
rosette transmission at the time the mechanical and insect transmission ex- 
periments were under way in the greenhouse, the following experiment was 
conducted. 

As the rosette sand cherries with which the above greenliouse cross-in- 
oculation experiments were conducted developed as infections from rosette 
plum buds, it seemed desirable to test the ability of the rosette sand cherry 
buds to produce rosette in plums. For this purpose dormant wood buds 
were taken from a branch of 1 of the potted rosette sand cherries April 2, 
1930; and put in succulent shoots of plum trees which had been dug from 
the nursery row^, set in lO-inch pots, and brought intO' the greenhouse De- 
cember 7, 1929. The buds were tied with ^--inch rubber strips, but 
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no attempt was made to force their growth by breaking over or removing 
the plum tops above the sand-cherry buds. Several Aveeks later the rubber 
strips were removed and the buds were found to be united ^vith. the stocks. 
These plum trees eontinued apparently normal growth in the greenhouse 
until June 3^ AYlien 4 axillary shoots on 1 plum stock below the inserted 
rosette sand-cherry bud began to show a yellowish appearance of the leaves 
suspiciously like rosette. No axillary buds had started growth on this 
stock aboA'e the inserted sand-cherry bud, and no axillary bud growth had 
developed on the other potted plum in which a rosette sand-cherry bud was 
inserted on the same date. 

As the temperature in the greenhouse w’as becoming too high for good 
growth, all potted trees except the 2 rosette sand cherries were transferred 
June 9 to a cold frame near the greenhouse, Avliere they could be Avatered. 

By August 5, 1930, 7 yelloAAush axillary shoots had deA^eloped below the 
rosette sand-cherry bud, Avhieh also had deA^eloped a Aveak rosetted tuft of 
leaves on the plum that showed 4 axillary shoots by June 3, from rosette 
sand-cherry bud inserted April 2. In the other plum the sand-cherry bud 
had deA^eloped a short rosetted shoot, but no buds had started on the plum 
stock. By August 26, Avhen the photograph for figure 3, B, Avas taken, both 
of the sand-cherry shoots shoAved typical rosette, and the plum shoots also 
shoAved additional symptoms of rosette in the sprouting of lateral buds on 
the older axillary shoots below the inserted sand-cherry bud. 

Additional symptoms of rosette aauU deA^elop in the plums inoculated 
Avith rosette sand-cherry buds, but the experiment has gone far enough to 
prove that the potted sand cherries from Avhich the mechanical and insect 
transfers Avere made to Erigeron canadensis contained the causal agent of 
rosette. This experiment also proves that conditions in the greenhouse 
Avere faAmrable for the transfer of the causal agent of rosette at the time 
the cross inoculations Avere made. 

SUMMARY 

Hundreds of plants of Erigeron eanadeyisis L., raised from seed col- 
lected from yelloAA^s-inf ected plants, liaA^e shoAAm no s;^unptonis of yelloAA^s ; 
therefore, it is concluded that seeds of this AAuld host do not transmit the 
causal agent of aster yellows. 

Numerous unidentified beetles, and grasshoppers, as well as the 
tarnished plant bug, Lygus pratensis Linnaeus ; the potato flea beetle, 
Epiirix cncAimeris Paris; the 12-spotted cucumber beetle, Diahroiica 
duodecimpunctaia Olivier; the leaf hoppers, Empoasca mali LeBaron, 
Empoasca flavescens Fab., and Cicadula sexnoiaia Fall; and the aphids 
Bhopalosiplium persicae Sulzer and MacrosiijJmm solanifoUi Ashmead, 
when transferred with yelloAvs-infeeted plants of Erigeron canadensis and 
caged on healthy peach trees, failed to transmit any symptoms of disease 
to the peaches. 
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More than one Imndred ineclianical inoculations into peacli shoots and 
green fruits^ made with a hypodermie needle and a fresh undiluted extract 
from yellows-infected plants of E. canadensis, gave entirely negative 
results. 

Transmission of rosette from plum to peach and sand cherry by infeeted 
buds was 100 per cent effective. 

The results of mechanical transmission experiments with the causal 
agent of rosette from sand cherries to E. canadensis were entirely negative. 

Experiments on the transmission of the causal agent of rosette from 
sand cherries to plants of E. canadensis by the green peach aphid, 
Rhopalosiphuni persicae Sulzer, the black peach aphid, A^oJvis persicae- 
niger Smith, the melon aphid, Aphis gossypii Glover, the common mealy 
bug, Pseudococcus ciiri Eisso, and the tarnished plant bug, Lygus praiensis 
Linnaeus, all proved negative. 

Bud transmission of the causal agent of rosette from sand cherries to 
plums was 100 per cent effective. 

The results of these cross-inoculation experiments indicate that aster 
yellows of the wild host, E. canadensis, is a disease distinct from rosette 
of peach, plum, and sand cherry. 

Department op Horticulture, 

University op Tennessee Agricultural Experiment Station^ 
Knoxville, Tenn. 
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FURTHER STUDIES ON THE SEED-CORN MAGGOT AND 
BACTERIA WITH SPECIAL REFERENCE TO 
POTATO BLACKLEG" 

J . G . L E, A C H 

In 1925 (5) and 1926 (6) the writer called attention to the role plajed 
by the seed-eorn maggot (Hylemyia cilicrura Eond.)^ in the epiphytology 
of potato blackleg. Among other things it was pointed ont that a number 
of unidentified species of bacteria were found constantly associated with 
the insect in all its stages and that some of these were pathogenic and 
capable of causing blackleg. The bacteria were demonstrated to be present 
by cultural means only; no histological studies had been made. 

It was also shown that sterile maggots would not grow on sterile potato 
tubers but would grow normally if bacteria were added. This indicated 
that the bacteria were beneficial to the larvae and under the conditions of 
the experiment, essential for their normal development. 

Since the publication of the above-mentioned papers it has been possible 
to continue the study of certain phases of the problem. Although the 
results are by no means complete, what has been learned should be of 
some aid to a better understanding of the significance of this relationship 
between insects and bacteria. 

THE INTERNAL BACTERIAL FLORA OP THE SEED-CORN MAGGOT COMPARED WITH 
THAT OP BLACKLEG PLANTS AND WITH CERTAIN 
SOIL INHABITING BACTERIA 

Although pathogenic bacteria were very frequently obtained in culture 
from the eggs, the larvae, and the pupae, as well as the adult fly, they were 
never found to occur in pure culture. One or more nonpathogenie species 
always occurred in association with the pathogenic ones. In some cases 
only the nonpathogenie species were obtained. Early in the course of the 
work it was noticed that these nonpathogenie species were apparently 
similar to the nonpathogenie bacteria frequently found associated with 
the blackleg pathogene in diseased plants. It was thonglit desirable to 
study in some detail these bacteria commonly associated with the insect 
and to compare them with those associated with the blackleg disease. It 

iPtiblished with the approval of the Director as Paper No. 964 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 

2 Identification of the insects mentioned in this paper, as well as in the previous 
papers, is based on determinations made by Dr. J. M. Aldrich of the National Museum 
and Dr. 0. A. Johannsen of Cornell University. 
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also seemed important to isolate and identify the pathogenic species and 
to determine to what extent they normally were associated with the insect. 

Several hundred cultures have been made from internal parts of the 
larvae, puparia, and adult flies. A considerable number of apparently 
different species were isolated. Some may have arisen from chance con- 
tamination but several were obtained with such frequency that they could 
be considered as fairly constant inhabitants. Twenty-two of the most 
frequently occurring species were selected for more careful examination. 

Any one who has attempted to obtain a pure cnltnre of the blackleg 
pathogene from a diseased plant knows that it is sometimes very difficult 
to separate the pathogene from the nonpathogenie bacteria that are usually 
closely associated with it. In morphology and cultural characteristics these 
saproplndes frequently resemble very closely the true pathogene. Five 
of the cultures most frequently found in association with blackleg were 
selected for comparison with those obtained from the insect. 

Ill some experiments, in which potato tubers were inoculated with bits 
of soil or small quantities of soil extract, it was found that a fairly con- 
stant group of bacteria were generally associated with the decay that fol- 
lowed. Because the eggs of the seed-corn maggot are commonly deposited 
ill the soil, it was decided to select a number of these soil bacteria for com- 
parison with the other two groups. Several known species of pathogenie, 
soft-rotting bacteria also were included in the comparison. 

At first there was considerable difficulty in obtaining pure cultures of 
some of the species but, by repeated plating, the different cultures were 
finally isolated. 

These cultures, 43 in all, were studied morphologically and physiologi- 
cally to determine those characters most commonly used for identifying 
bacteria.^ 

In these determinations the methods outlined by the Society of Ameri- 
can Bacteriologists (1) were followed in general, although in several cases 
the results were checked by other slightly different methods. 

For .staining flagella the method described by Gray (2) was used. Tlie 
method was found relatively simple and quite reliable. 

The alkaline gentian-violet Gram stain was employed. Each determina- 
tion included a gram-positive and a gram-negative organism, one on either 
end of a slide with the unknown between them. 

Pathogenicity was determined by first inoculating carrot slices and 
potato tuber slices in Petri dishes incubated at 20° C. All cultures that 

3 The major portion of these determinations were made in the lahoratorj of Pro- 
fessor S. G. Paine, of the Imperial College of Science and Teclmology. The author 
wishes to express his gratitude to the Imperial College for the facilities granted and to 
Professor Paine for helpful suggestions. 
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produced a decay in tliese tests were further tested by inoculating potato 
stems in the greenhouse. Only those that produced a rapid Yigorous decay 
in all 3 tests were considered pathogenic. 

The oxygen relations were based on growth in the closed arm of fermen- 
tation tubes. 

Liquefaction of gelatin was determined by means of a stab culture on 
plain gelatin, incubating for 2 months at 20° C. followed by a month at 
room temperature. 

The carbohydrate reactions were tested on beef extract to which 1 per 
cent of the sugar used was added before sterilization. 

Litmus indicator and Dunham tubes were used for the detection of 
acid and gas. 

The reduction of nitrates was detected by the sulphanilic acid-a- 
naphthylaniine test. 

Diastatie action w’as determined on 2 per cent soluble-starch beef -ex- 
tract agar tested with a saturated solution of iodine in 50 per cent alcohol. 

The Ehrlich test for Indol ■was employed, and in all cases where positive 
results were obtained the reaction was ver}^ marked. 

The reaction of all differential media -was adjusted to the neutral point 
of brom-thymol-hlue. 

No determination was based on a single test. Duplicates or triplicates 
were always used and doubtful reactions were always repeated until con- 
clusive results were obtained. 

The principal characters as determined are summarized in table 1. In 
analyzing the data in this table it should be realized that no atttempt was 
made to study all the different kinds of bacteria found associated with the 
insects or the disease. The coccus forms and large, spore-forming bacteria 
w^ere excluded, although they may possibly he of some significance. Many 
of the cultures were isolated while searching for the pathogeiie and this 
wdtliout doubt resulted in a certain amount of selection of those species re- 
sembling the blackleg pathogene. 

The important facts demonstrated by the detailed study of this group 
of cultures may be suminarized briefly as follows : 

1. Bacteria, apparentl}^ identical morphologically, physiologically, and 
parasitically with known cultures of the blackleg pathogene, were fre- 
quently isolated from the surface of the eggs, from the inside of puparia, 
and from the intestinal tract of the imago of the seed-corn maggot, as well 
as from the soil and from potato plants affected wdth blackleg. (Cultures 
No. 151-A-B, 201-2-R, 202-B-I-R, 301-1-E, 305-A-O~R, 4r-I, and 407.) 

2. Bacteria, which agreed morphologically and physiologically with 
published descriptions of Pseudomonas fluorescense (Fliigge) Migula, and 



TABLE 1. — Summary of cliaracieristics of 36 cultures of 'bacteria obtained from the seed-corn 
maggot in various stages of development, from blaoldeg plants, and from 
the soil. Seven cultures of soft-rotting bacteria of Icnown 
identity are included for comparison 


Culture No. 


151-A-O 

151-A-R 

153- E 

154- B 
1-55-A— O 
201-A-K-G 

201-A~-R~W 

201-A-2 

2CI1-2-R 

201~A-3 

201-B-l 

201- E-E 

202- B-l 


202-B-I-E 

202--B-O 

203~A 

204-A~G 

204- A--W 
2O0-A-I 

205- A-O 
205-A-R-G 
205-A-R-W 
301-1-R 

301- 2 

302- 1 

302- 2 

303- 1 
303-2-E 
305-A-l 

305- A-O-R 

306- R 
404-4 
407 

40S~A-1 

400-2-R 

4-1 

Bacillus phyto ph thorus 
Appel I 
B. earotovoTus 

B. phytophthorus 19S5L 

B. phytophthorus 1975L 
B. phytophtjiorm 1996L 
B, solanisaprm 385L 
B, aeroideue 1984L 


Source 


Surface of egg of 
seed-eoru maggot 


Inside of pup aria of 
seed-corn maggot 


Intestinal tract of 
imago of seed-eorn 
maggot 


Soil 


Blackleg plants 


Furnislied t>j 
E. P. Smith 
Purnished by 
A. B. Massey 
Purnished by 
Lister Institute 


Index number and brief charaeterizationa 


5020-52020-0211-2210-211 22 
5010-32120-0111-2210-211 22 
5010-32020-0111-2210-211 22 
5020-52101-0200-2210-211 22 
5020-52001-0200-2210-211 22 


5020-52020- 

5020-52020- 

5020-52100- 

5010-32120- 

5020-52001- 

5020-52001- 

5020-32120- 


- 0101 - 2210-211 

- 0101 - 2210-211 

- 0000 - 2210-111 

- 0111 - 2210-111 

- 0200 - 2210-211 

0200 - 2210-211 

1111 - 2210-111 


22 


22 

22 

22 

22 


5010-52000-0000 

5010-32120-0111- 

5020-52100-0000 

5020-52020-0100 

5010-52100-0222- 

5010-52100-0202- 
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Ps. non-Uqiiefaciens Eisenberg, were isolated from tlie surface of eggs, the 
inside of pnparia, and the intestinal tract of the imago of the seed-corn 
maggot, as well as from the soil, and plants affected with blackleg. (Cul- 
tures No. 154-B, 155-A-O, 201-A-3, 201-B-l, 205-A-l, 205-A-E-W, 
305-A-l, 408-A~l, 409-2-E.) 

3. Several other nonpath ogeiiic species of bacteria were found to occur 
commonly in association with the seed-corn maggot, in the soil, and in plants 
affected with blackleg, 

4. No consistent morphologic, physiologic, or parasitic difference could 
be found between any of the cultures of the blackleg pathogene with the 
exception that the culture of Bacillus solmisapr'iis Harrison did not liquefy 
gelatin, while all other pathogenic cultures liquefied it readily and con- 
sistently. 

5. BdcilUis aeroideae Townsend, although differing from other patho- 
genic species in its action on the sugars, was strongly pathogenic on potato 
tubers and stems. 

The similarity of the bacteria making up the intestinal flora of the seed- 
corn maggot to those obtained from the soil and from plants affected with 
blackleg appears to be significant. It is probable that the kinds of bacteria 
found in the intestines of the insect depend largely upon the substrate 
upon which the insect has fed. An insect having developed in a plant 
affected with blackleg would probably harbor the blackleg pathogene as well 
as some of the associated saprophytes, while one having developed in decay- 
ing organic matter in the soil probably would harbor only those saprophytes 
commonly predominating in the soil or in decaying organic matter. 

HISTOLOGICAL STUDIES 

Although bacteria may be isolated from the interior of maggots, pnparia, 
and adult insect, their exact location within the body can be determined 
only by histological methods. Furthermore, since it has not been possible 
to propagate the insect in cages, histological studies seem to offer the best 
means of determining whether the bacteria are of any significance in the 
metabolism of the adult fly. Maggots, puparia, and adults of both sexes 
have been studied histologically. The results of the study to date have been 
unsatisfactory in some respects but some significant observations have been 
made. These will be recorded in this paper, and it is hoped that future 
studies will clear up some of the yet obscure points. 

Maggots and puparia in varions stages of development were collected 
in the field during May and June. JSome adults were caught in the field,, 
while others were reared from maggots in the laboratory. All specimens 
used for sectioning were killed and fixed in Zenker’s Solution and embedded 
in paraffin. Sections were cut, varying from 5 to 12 microns in thickness. 
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Fig. 1. Photomicrograplis showing sections through a larva. A. A longitudinal 
section; the arrow^s show the location of intestinal tract containing bacteria mixed indis- 
criminately "with food material. See figure 3 for magnification sufficiently high to show 
individual bacteria. The bacteria were not concentrated in any special organs. There 
-was no indication that the bacteria were killed or digested by the larva. Approx. 12 x. 
B. Enlarged section of posterior end showing bacteria in anal tract at X. Approx. 100 x. 



Fig. 2. Same as Fig. 1, B, more highly magnified, showing bacteria at X and Y. 

Approx. 260 X. 
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Two staining methods were used: that of Goodpasture, as described by 
Hertig and Wolbaeh (3) ; and the Gram-Weigert method, deseribed by 
Wright and Mallory (8). Aid in interpreting stained microtome sections 
was obtained by dissecting a large number of freshly killed flies and 
maggots. 



Fig. 3. Section of intestinal contents of a larva, showing short rod-shape bacteria mixed 
with food material. Approx. 300 x. This is from the same larva 
illustrated in figure 1, A. 

The Larva, 

Although there was a tendency for the larvae to become abnormally 
lengthened and somewhat discolored during the fixing process, the material 
yielded fairly good sections which stained well with the Gram-Weigert stain. 
Bacteria in great abundance were found in the intestinal tract (Figs. 1, 2, 
and 3). They were in a mixed culture, as indicated by the wide variation 
ill size and shape of the individual cells (Fig. 3). Ino selective action on 
the part of the maggot could be detected. The bacteria were mixed indis- 
criminately with the food material and were not localized in the coecal 
glands or other special organs. Four long finger-like coecal pouches were 
found arising immediately behind the proventrieiilus (Pig. 4), but these 
did not contain bacteria. Numerous smear stains from freshly dissected 
material, as well as stained microtome sections, showed them filled with a 
mixture of spherical and granular bodies embedded in a clear liquid (Fig. 
5). However, bacteria were found in the cavity of the proventriculus sur- 
rounding the oesophageal valve (Figs. 4 and 6). This cavity may corre- 
spond to the ''blind sacks'" containing bacteria deseribed by Stammer (11), 
but, if so, it is greatly reduced. 
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There was no evidence that the bacteria were digested or destroyed by 
the larva, and they could be found in almost an unbroken mass from one 
end of the intestinal tract to the other (Pigs. 1 and 2) . It is quite evident 
that living bacteria of many different species pass uninjured througli the 
intestinal tracts of the larvae. 



Fig. 4. Semidiagrammatic drawings to show the distribution of bacteria in the 
proventricnlus and anterior portion of the midintestine of a seed-corn-maggot larva. A 
surface view as seen when dissected under a binocular microscope (at left) and as seen 
in longitudinal setion (at right). 1. Oesophagus- 2. Enlarged portion of midintestine 
surrounding the oesophageal valve and commonly termed the proventricnlus. 3. Oeso- 
phageal vaK^e dimly outlined through the wall of the midintestine. 4 and 4a. A space 
surroiinding oesophageal valve containing bacteria and food material. 5. The four 
coeca Med with spherical bodies of irregular size but containing no bacteria. 6. Mid- 
intestine. 7. Bacteria and food materials. For explanation of diagonal lines see 
figure 6. 

The T^iparia 

The histological studies of the puparia were very unsatisfactory. It 
was necessary to puncture the puparial case to insure proper fixing ; and in 
certain stages of metamorphosis this apparently resulted in decided disor- 
ganization of the enclosed tissues. Sometimes fixation was apparently not 
complete. In other eases fairly good sections were obtained but the tissues 
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Fl&. 5. A pliDtomierograpli of sections through a eoecum showing the spherical 
bodies filling the lumen. A. Magnified approximately 65 x. Coeeum indicated by arrow. 
B. Same (approximately 325 x), showing the spherical bodies and the absence of bac- 
teria. 



Fig. 6. PlLOtonuerographs of sections through the proventriculus, showing bacterial 
masses surrounding oeso|)liageal valve. A. Cut in plane indicated by line AB. in 
figure 4, B. Cut in plane indicated by line GB. in figure 4. Numbers correspond to 
those in figure 4. 
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did not stain well. In all, approximately 50 different piiparia were sec- 
tioned and stained. Nearly every possible stage in metamorphosis was 
included among these but in none of them ^vas it possible to locate bacteida 
with any degree of certainty. The bacteria apparently lose their affinity 
for the stain or else become greatly reduced in number. Although the 
presence of bacteria within the pup aria can be demonstrated easily by cul- 
tural methods, it has not yet been determined which tissues they inhabit 
during the metamorphosis of the insect. The solution of this problem must 
await further work. 

The Imago 

In order to facilitate fixing the adult insect, the abdomen was usually 
severed from the thorax. The fixing w^as satisfactory and the section 
stained fairly w^ell by both of the staining methods used. Bacteria were 
rarely found in the thoracic segment but w^ere nearly always present in the 
abdominal segment in the crop and alimentary canal (Figs. 7 and 8). The 
number of bacteria present varied with different specimens, apparently 
depending upon the age of the insect and the amount of food in the intes- 



Pig. 7. PLotomicrographs showing bacteria in crop and intestinal tract of the 
imago. A. Borsoventral longitudinal section of the abdomen of a female imago. 
1. The crop containing a liquid matrix in which quantities of bacterial cells are sus- 
peiicled. Higher mapifications are shown in figure 5. 2, 3, and 4. Cross sections of 
the intestme containing semi-solid mass composed largely of bacterial cells of various 
sizes and shapes intermixed with food materials. 5. A more posterior section of the 
midmtestme in which a mass of uniform rod-shope bacteria are found in a compact 
la^er surrounding a homogeneous mass of food materials. 6. Immature eggs (approx. 

-0 X) . ^ B. A more highly magnified view of the bacterial mass in the inidintestine slioivn 
m A, 0, and in figure S. ( Approx. 400 X.) 
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tinal tract. If tlie intestinal tract contained a large quantity of food mate- 
rial, the bacteria were usually numerous; if the intestines were virtually 
empty, the bacterial content was also low. In general, food materials and 
bacteria were more abundant in the females than in the males. 



Pig. 8. PliDtoinierograph showing bacteria surrounding the homogeneous mass of food 
materials in the midintestine. A higher magnification of figure 7 , A, 5 
(approx. 200 X). 

The crop and the anterior portion of the miclintestine usually contained 
a mixed culture of bacteria of all sizes and shapes mixed uniformly 
throughout the food material, presenting a picture very similar to that 
found in the intestines of the larva (Fig. 9) . In many specimens there was 
some evidence of destruction and disappearance of the bacteria as they 
passed along the intestinal tract. The destruction, however, was incom- 
plete and appeared to be somewhat selective in its action. By the time the 
food had reached the posterior portion of the midintestine all the bacteria 
had disappeared excepjt a group of short rod-shape bacteria that had accu- 
mulated in a layer surrounding the homogeneous food material and lying 
between it and the walls of the intestine (Figs. 7, 8, 10, and 11). The 
walls of the midintestiiie are at this point lined with papillose epithelial 
cells. A careful examination under high magnification showed the bacteria 
ill the space between the food contents of the intestine and a thin trans- 
parent peritropliic membrane. They were all short rods and were very 
uniform in size and shape. The regular arrangement of the cells in defi- 
nite chains would appear to indicate that these bacteria were in a congenial 
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Fig. 9. Pliotomicrograplis shomng bacteria in crop and midintestine of the imago. 
A. Section showing bacteria in intestinal tract (at the top) and in the crop (at the 
bottom). (Approx. 100 x.) B. Higher magnification of bacteria in the crop. (Approx. 
350 X.) 



Fig. 10. Photomierograph sliowing a seetion of 'tlie hind intestine with chains of rod- 
shape bacteria surrounding the granular residue of food 
materials. (Apj)rox. 250 x.) 
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Kig. 11. Photoniierograph showing a mass of short, rod-shape bacteria of xmiform size 
between the graiiiilar residue of the food materials and the walls 
of the hind intestine. (Approx. 500 x.) 

environment and were actively growing and multiplying. Prom this point 
the food materials rapidly disappeared, but the short rod-shape bacteria 
•could be traced throughout the length of the intestine to the anal opening 
(Pigs. 12 and 13). These bacteria, as previously demonstrated culturally 
{6), pass out in the feces in a viable condition. In certain specimens very 



Pig. 12. PhotoinicrograxUis showing sections through the rectiun and posterior end of 
the intestinal tract showing, at X, masses of apjoareiitly uninjured 
bacteria. A. Approx. 20 x; B. Approx. 30 x. 
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little foDcl material Avas found in the intestines. In sueli specimens small 
numbers of the bacteria were nearly always found adhering in groups or 
chains to the peritrophic membrane (Pig- 14). 



Fig. 13. Pliotomicrograpli shomng bacterial masses in the rectum and in passage- 
leading to anal opening. The same section shown in figure 9^ B. These iDacteria are 
all short rods measuring about 0.5 microns x 14- microns and are all apparently unin- 
jured. They obviously are excreted in a viable condition. (Approx. IDOx.) 

It is of interest to compare the histological relationship between bacteria 
and the seed-corn maggot with that found in related insects by other 
workers. Petri (10) in 1910 published an account of his studies of the 
olive fly [Dams oleae). He showed that a symbiotic relationship existed 
between this insect and several species of bacteria among Avhieh Bacterium 
savasiaiim E. P. S. (the olive-knot pathogeiie) Avas almost universally 
present. He found the bacteria constantly localized in 4 spherical blind 
sacks arising from the forepart of the midintestine of the larva. They 
also veie found at times in the lumen of the intestines and were frecpLiently 
passed out with the excrement. 

Petri shoAA^ed that the bacteria suiwived during pupation and were 
present in the body of the imago upon emerging from the piiparium. 
Shortly before pupation most of the bacteria Avere expelled by the larva 
but a fcAA^ migrated to the forepart of the oesophagus. They AA^ere harbored 
here until a special sack-like outgrovdh appeared above the pharynx, in 
which they developed in large numbers. After emergence of the imago, 
the bacteria spread throughout the intestinal tract. In female flies they 
soon beeame located in a series of small glandular sacks near the anal 
opening. These glandular sacks were so situated that the eggs, on passing 
out of the ovipositor, beeame surface-contaminated Avith the bacteria. The 
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Pig. 14. Pliotomierograpli showing sBctions of mid- and liind-intBstines containing 
very little food material but with masses of bacteria adliering to the peritrophic mem- 
brane. A. Midintestine. (Approx. 75 x.) B. Hind-intestine near rectal valve. (Approx. 
600 X.) 

bacteria multiplied rapidly in the gelatinous coating over the egg and 
migrated through the air canals around the micropyle, thus infecting the 
embryo. In this way the continued association of the bacteria and insect 
was insured. 

Stammer (11) has recently confirmed the histological findings of Petri 
and has also investigated histologically numerous other representatives of 
the Trypetidae. He found symbiotic bacteria present in all of the repre- 
sentatives of this group that he studied. In some species the bacteria were 
harbored in special blind sacks off the intestines of the larvae, while in 
other species they occurred free in the intestinal tract. In some species 
special devices for insuring the contamination of the eggs were found in 
the adnlt female • in others no such structitres were present. Where these 
structures occurred they were much simpler than those found in Dacus 
oleae consisting principally in the union of the anal tract and the vagina 
into one common opening. 

In the imago of the seed-corn maggot no such structures were found, 
and, although the openings of the anus and vagina are very close together, 
no direct union was observed. Also, as pointed out above, the bacteria were 
not concentrated in special organs but were found throughout the intestinal 
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-tract. The sjTiibiotic relationship here, therefore, appears to he of a very 
simple t}^e. This is probably what would be expected when the life habits 
of the insect are considered. Here the larvae spends its life in a mass of 
decaying plant tissue, surrounded by a constant supply of bacteria. The 
presence of such special organs for harboring the bacteria would appear 
superfluous. Likewise, the eggs being deposited in the soil, the larvae have 
abundant opportunity to become contaminated with the bacteria commonly 
associated with it. A special structure to insure contamination would ap- 
pear of less significance in the seed-corn maggot than in those insects that 
deposit their eggs directly into plant tissues. 

NUTRITIONAL STUDIES 

Preliminary experiments reported in 1926 (6) showed that sterile larvae 
were unable to grow when placed on sterile nutrient agar or sterile potato 
plugs. If, however, bacteria were added to the medium, they would grow 
and pupate normally. Although these experiments demonstrated that the 
bacteria played an important role in the metabolism of the insect, no at- 
tempt was made to explain the exact relationship. Further studies have 
thrown some additional light on the problem. Since the publication of the 
paper mentioned above (6), Huif (4) has reported the results of his nutri- 
tional studies on the seed-corn maggot. He also found that sterile larvae 
would not grow to maturity on sterile heef -extract agar or potato plugs but 
that they would grow normally on contaminated agar or potato plugs. 

Huff was unable to grow the larvae on bacteria-free filtrate from un- 
heated potatoes or on sterile potato to which had been added a suspension 
of bacteria killed by heat. On the other hand, the larvae grew normally 
on potato plugs, beans, and peas that had been partially decomposed by 
bacteria and then sterilized by heat. He was able to grow' the larvae to 
maturity on sterile germinating seedlings also. From these results he con- 
cluded that the bacteria, per se, are not essential th the development and 
pupation of the larvae but that, by their digestive action, they convert the 
plant tissue into available food for the larvae. The presence of available 
food in the sterile germinating seedlings is assumed to be due to the nat- 
ural processes of digestion which occur when seeds germinate. Similar ex- 
periments have been made by the writer and the results obtained agree in 
all essential details with those of Huff and tend to bear out his general con- 
clusions. One point of difference, however, should be mentioned. Huff* 
states that the larvae grew rapidly and pupated in the normal length of 
time while feeding on sterile seedlings. In the writer’s experiments, al- 
though larvae grew to maturity on sterile seedlings, they always grew more 
slowly than larvae on contaminated seedlings and a much lower percentage 
pupated normally. 
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DISCUSSION AND CONCLUSIONS 

Prom tlie evidence presented here and in previous publications, it is 
possible to draw some general conclusions concerning the nature of the 
relationship between the seed-corn maggot, the blackleg disease of potatoes, 
and the associated bacteria. The evidence show^s that the seed-corn maggot 
is a common pest of the potato plant. The adult female fly deposits its 
eggs on the seed piece or in the soil near the base of the plant. When the 
eggs hatch, the larvae attack the seed piece and at the saiiie time inoculate it 
with a mixed culture of bacteria that cause a certain amount of decay. In 
some cases the bacteria may consist of only the saprophytic species that 
make up the normal soil flora and that find the potato tubers a favorable 
substrate for growth. These saprophytes are able to rot the tubers only 
when aided by the destructive action of the larvae. In other eases the 
blackleg pathogene may be included among the bacteria making up the in- 
oculum. As pointed out previously by the writer (6), the blackleg patho- 
gene can be introduced on the eggs of the insect or in the feces of the imago. 
Since it also has been demonstrated by the writer (7) and Patel (9) that 
the blackleg pathogene can survive in the soil, it is reasonable to assume 
that it can be inoculated into the potato seed piece by the larvae along with 
other bacteria from the soil. When the blackleg pathogene is introduced, 
other conditions being favorable, the plant will succumb to the disease. 

As shown by the nutritional experiments of Huff (4) and the writer, 
the bacteria aid the larvae in their development by digesting the tissues 
of the potato, thus making them more available as food. In all probability 
the bacteria as such are not utilized as food by the larvae. This view is 
supported by the histological studies which show that the bacteria are not 
digested or destroyed but are passed through the intenstinal tract without 
any apparent injury. 

When the larvae pupate some of the bacteria among which they are 
feeding apparently are retained wuthin the puparial ease and are to be 
found in and on the body of the imago as it emerges. This has been demon- 
strated repeatedly by cultural methods, although the histological details 
have not been satisfactorily determined. If the larva has fed in a potato 
plant aff'eeted with blackleg, it is only reasonable to expect the blackleg 
pathogene to be present in the pupaiuum and in the imago. This has been 
shown true hy numerous cultural and inoculation experiments (6), It has 
been demonstrated also that the adult flies feed upon liquids containing 
bacteria and that bacteria, including the blackleg pathogene, are frequently 
found in the intestinal tract and can be passed out in a viable condition in 
the feces. 
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For practical coiisi derations it should be recognized that the disseiiiina- 
tion of the pathogeiie is incidental from the standpoint of the insect. Al- 
though some kinds of bacteria are always associated with the insect in Ya- 
rioiis stages of deYelopinent, the presence of the blackleg pathogene is not 
essential. However, if the insect has fed on tissues affected with the dis- 
ease, the pathogene is likely to be present. It should not be assumed that 
blackleg will necessarily develop in every plant attacked by the insect. If 
the pathogne is not introduced with the eggs and if the larvae do not intro- 
duce it from the soil there is no reason to expect the disease to develop. 
When the pathogene is present, on the other hand, the larvae serve as effii- 
cient agents of inoculation and aid infection and development of the disease. 

When these facts are considered, it is ohvions that the origin of flies 
which deposit their eggs upon a potato plant may determine the extent to 
which they disseminate the pathogene. Flies arising from larvae that have 
developed in blackleg plants are more likely to have the blackleg pathogene 
in their system than those from larvae developed in other decaying oi^ganie 
matter. Numerous isolations from flies from various sources have tended 
to verify this assumption. There is also some eAudence to show that this 
insect is a more frequent carrier of the disease in regions where potatoes 
are intensively groAvn. 

SUMMARY 

1. A comparatAe study has been made of the internal bacterial flora 
of the seed-corn maggot, the principal bacteria associated with the blackleg 
disease of potatoes, and certain soil-inhabiting bacteria. Several species 
occurring in each of these groups AA^ere found identical. The blackleg patho- 
gene Avas obtained from each of these three groups, although certain soil 
saprophjfl:es, including F seudoniojias fliwrescense (Flugge) Migula and 
Ps. 7ion-liqu€facie7is Eisenberg, appeared to predominate. 

2. It is concluded that the kinds of bacteria associated with the insect 
are determined largely by the nature of the material on wliich it feeds. 
Flies that have developed^ in potato plants aifeeteci AAuth blackleg would be 
more likely the carriers of the pathogene than those developing in organic 
matter destroyed by the common soil saproph}fl;es. 

3. Histological studies of the relationship betAveen the seed-corn maggot 
and bacteria are reported. These studies indicate that bacteria of many 
species pass uninjured through the intestinal tract of the larvae. The 

4 In an abstract of this paper (Phytopath. 20: 127, 1930) tlie insect was termed an 
'^oeeasionar^ carrier. ^ ‘IneidentaP’ is preferable, inaamuck as occasional often con- 
veys the idea of infrequency, while incidental does not involve the question of frequency. 
The dissemination of the blackleg pathogene hy the seed-corn maggot is always in- 
cidental, although it occurs frequently. 
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larvae apparently do not feed npon the bacteria as such. Efforts to follow 
the course of the bacteria in the puparium during metamorphosis were un- 
successful. In the imago, also, bacteria were found to pass through the 
intenstinal tract without injury. Here it appeared that certain species of 
bacteria were destroyed and digested by the insect, while certain short rod- 
shape species were uninjured and apparently grew and multiplied in the 
posterior portion of the tract. 

4. In neither larva nor imago were the bacteria found to be harbored in 
special organs but were constantly present in the lumen of the intestines. 
In the larva bacteria were present in the proventriculus or enlarged portion 
of the midintestine surrounding the oesophageal valve. In the imago the 
bacteria were present in the crop and intestinal tract. In the crop and 
a portion of the midintestine the bacteria were scattered throiiglioiit the food 
material, but in the more posterior portions of the intestinal tract they were 
accumulated in a layer between the food mass and the peritrophic mem- 
brane. Their arrangement in definite chains indicated that growth and 
multiplication had occurred in this location. 

5. No special devices for insuring contamination of the eggs were ob- 
served. The histological relationship between bacteria and this insect are 
considered to be of a simpler type than most of the Tiypetidae studied and 
described by Stammer (11). 

6. Nutritional studies with the larva of the seed-corn maggot indicate 
that bacteria aid its development by transforming the plant tissues into a 
form more readily assimilated. The ability of the larva to grow normally 
on seed partly decayed by bacteria and then sterilized by heat, as well as 
on sterile germinating bean seed, indicates that the bacteria are not utilized 
as food by the insect but that they digest the plant tissues and make them 
available as food for the larva. 
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THE LIFE HISTOFY OF SCLEEOTINIA SCLEEOTIORUM WITH 
EEFEKENCE TO THE GREEN ROT OF APRICOTS 

Balph E. Smith 


One of tlie most characteristic fungus diseases of central California is 
the so-called green rot of apricots. It is eharaeteristic in its sporadic 
occurrence, breaking out locally in virulent epiphytotic form and causing 
almost complete crop losses in certain seasons, then disappearing entirely 
for a period of several years. The first recorded instance of this kind was 
in 1910 when the apricot crop in the district about the southern end of San 
Francisco Bay was greatly reduced by this disease. In 1916 and 1928 
further epii:)hytotics occurred. Since then no outbreak of green rot has 
taken place in that district. Since 1910 there has been a considerable 
planting of apricots in the San Joaquin Valley, mainly in Stanislaus and 
Merced counties, of the late, slow-blooming Tilton variety. In 1928 and 
several x>rececling years losses from green rot were severe in this district. 



Pig. 1. Green rot of aiiricot. Infection of young fruit through dried calyx by 

Sclerotiniu sclerotiorum. 


The disease consists in a complete or partial destruction of the young 
fruit, commeneing while it is still in the ‘^jaekeF’ stage (enclosed in the 
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Hig. 2. Young apricots (below) attacked by Sclerotinia solerotiorum through dead 
calyx, contrasted with blossom-b light effect of S, cinerea (above). 


The idea is general^ accepted that the cause of this disease is the com- 
iiioii cottony mold fungus, Scl&rotinia scleroiiorum (Lib.) Mass. A fungus 
of this type may be regularly and easily cultured from affected fruit. The 
typical niyeeliuin and sclerotia develop profusely from such material either 
ill a moist chamber (Fig. 3, A) or, in wet weather, on moist soil in 
the orchard. The fungus readily attacks the young fruit in the typical 
manner when inoculations are made either wfftli mycelium or ascospores. 
Typical apothecia cleYelop from the sclerotia (Fig. 3, B). This has been 
observed in the >soil under apricot trees on sclerotia kept in moist sand and 
even in flask cultures (Fig. 3, C). 

Sclerotia have never been observed upon the tree; in fact, the fungus 
makes almost no visible development at the points of attack. The young- 
fruits are killed and drop to the ground or may even resist the attack suf- 
fieiently to develop to maturity marked with a scar or lesion, as in figure 2. 
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Pig. o. a. Mycelium oi Sclerotinia selerotionim from young aprieots and blossoms 
after 2 days in moist chamber. Coiiidiophores of BotTytis cin€7'€a also present at ar- 
rows. B. Selerotia and apotlieda of S. sderotiorum from soil in aprieot orchard. 1916. 
0. S. scle 7 'otio 7 'ii 7 n producing apotheeia from sclerotia in flask culture. 1916. 
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Ali y further development of the fungus and, particularly, so far as known, 
the fornaation of any spore stage take place only in the soil. The apricot 
and more rarely the almond (Fig. 4) are the only known hosts of this type 
of disease. Although, as shown in table 1, spores of the fungus are abun- 
dant on flowers of the cherry, prune, and peach, and many annual plants, 
no natural infection of these hosts in the manner of aerial attacks of the 
blossoms has ever been observed. 



i’lG. 4. Youiig fruits of almond in jacket, wken infection with SoleToiinia scle7'oiio7’‘um 

takes place. 

I\ixon and Curry (2) state that they produced typical green rot of apri- 
cots by inoculation with spores of BotrytiS‘ drier ed obtained by culturing 
the diseased fruit and think that the disease may be caused by vari- 

ous fungi, including Botrytis and Sclerotinia. Smith and Smith (5, 
p. 1097) expressed the same idea, stating that green rot is “caused hy vari- 
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ous fungi of which perhaps a, species of Sclerotinia, apparently S, Mer- 
iiandf is most common, causing a decay of the young fruit on the 
tree. When such fruit is picked and placed in a moist chamber it develops 
an abundant cottony mold in which black sclerotia soon form. . . . Bofrytis 
VMlgaris is also common in this trouble.’’ 

C. 0. Smith (3) describes a twig and branch infection of lemon trees 
caused by ScleroUnia libertima in which ‘'the twigs may become infected 
through the blossoms or through some injury. The disease is often worse 
following a cool winter when the tissue is weakened or injured by frost.” 
A similar infection is quite common on frost-injured fig trees in the interior 
valleys of California. Botrytis also* is abundant on such branches and it 
too is mentioned by Smith as being associated with the lemon disease. 

These diseases of the apricot, almond, lemon, and fig are exceptional 
among the troubles attributed to ScleroUnia scleroUornm in that they 
attack the aerial parts of the host in a manner which precludes soil-borne 



Pig. 5. Apotheeia of ScleroUnia sclerotioruni in soil beneatli vetch cover crop in lemon 

orchard (after C. O. Smith) . 
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infection by direct mycelial contact. Most diseases caused by this fungus 
are of the nature of stem or fleshy-part rots originating in the latter main 
ner. In the apricot and almond infection occurs uniformly all over the tree 
up to a height of many feet above ground. Since in these hosts the fungus 
attacks only the blossoms and young fruit and has no conceivable method 
of holding over on the tree in mycelial form, it is the common supposition 
that infection must originate from spores and that the inception of the dis- 
ease is due to ascospores originating in apothecia from sclerotia in the soil 
beneath the tree. Such apothecia, together with the mycelium and sclero- 
tia of the fungus, can actually be found at times in apricot and lemon 
orchards, particularly where there is a heavy growth of cover crop, weeds, 
or other vegetation (Fig. 5). In line with this idea advice has commonly 
been given to apricot growers that orchards be plowed or cultivated before 
the end of the blooming period in order to break up the surface soil, disturb 
the growth of the fungus, and prevent the formation of apothecia. 

EXPERIMENTAL WORK 

As a basis for the successful control of the disease on apricots it seemed 
desirable to determine the time when the fungus first actually reaches the 
affected parts. Growers report the complete failure of spraying with any 
material or at any time to control this disease. The efforts heretofore ntade 
consist mainly in the usual spraying for brown rot (Bordeaux mixture in 
the early blooming stage) together with later applications at the end of the 
bloom or in the jacket stage (dead calyx still attached to the young fruit). 
The latter seems the most logical time since the infection of the young fruit 
very evidently takes place through the dead calyces; it has frequently been 
demonstrated that the removal of these dried jackets by shaking or hand 
picking completely prevents infection. 

MeiJiocl . — To determine the time when the fungus first reaches the tree 
the following method was adopted: blossoms, young fruit, foliage, or other 
parts to be tested, were gathered at intervals throughout the su])posed in- 
fection period. Each sample was placed in a separate paper bag, taken at 
once to the laboratory, and put into a moist chamber on wet filter-paper. 
The material was left until fungus colonies developed and when any which 
looked like Sclerotinia scley^ofioriim appeared transfers were made to ciil- 
tiire tubes for positive identification. 

The work was started in March, 1929, in the large peach and apricot 
orchard belonging to the California Packing Corporation, near Merced. 
The previous year (1928) the Tilton apricots in this orchard had been an 
almost total loss from green rot. 

The first material was collected on March 14, 1929. Up to this time the 
w'inter, in general, had been cold and dry and the ground in this oreliard 
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had been very dry until rain fell on March 5 and 12. The soil was covered 
with an abundant growth of bur clover. The Tilton apricots were just past 
full bloom. In the majority of the blossoms the very young* fruits were 
enclosed in the calyces Avith some petals still attached. The trees had been 
sprayed with Bordeaux mixture about March 2. A careful search revealed 
no trace of sclerotia or apothecia or mycelium on the soil or veg*eta- 
tion beneath the trees. Comparatively cold, diw weather prevailed during 
the spring with much frost damage to young fruit. 

Table 1 shows that Sclerotinia solerotiorum developed abundantly in 
moist chamber on apricot and almond material from Merced and Stanislaus 
counties and on the cover crop from beneath the trees. After observing 
this the search was widened to include other localities in central California 
and a variety of host material. Flowers and leaves of various fruit trees 
and native plants from many different places Avere collected and placed in 
moist chambers with the result that S, sclerotiorum appeared as one of the 
commonest fungi occurring upon them. In no ease AA^as any development 
of the fungus visible AAdien the material aA'US gathered and it seemed certain 
that the organism must have been present in spore form. The original 
growth was obtained in almost every case only on petals, probably because 
they formed the most favorable growth medium. Botrytis, apparently of 
more than one species, \A’as abundant on much of the material but was 
readily separated from S. sclerotiorum in isolation cultures. Figure 3, A, 
shows typical mycelial growth of S. sclerotiorum in the moist chamber 
coining from young apricot fruits and blossoms with 2 colonies of Botrytis 



Pig. 6. Cultures of Botrytis (left) and ^Sclerotinia (right) from young 

apricots with green rot. 




TABLE 1. — JResulis of moist cJim)iber tests of apricot and other material for Sclerotinia seder otiovum 
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f Oenothera, 
g Liipinus. 

^ Bsclisclioltma calif orn ica Cham. 



TABLE 1 ^ — Continued 
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rial was put into the moist eiiamber. 

Typical cultures of the 2 fungi Botrytis and Scleroiinia selerotiorum 
are shown in figure 6. Botrytis is grayish brown with typical eonidia pro- 
duction (varying in abundance) and thin membranous sclerotia inseparably 
attached to the medium. Sclerotinia shows pure white mycelium, total 
absence of eonidia, and round meaty sclerotia separating cleanly from the 
substratum. S. sclerotioniyn was never obtained on material from Berkeley 
(Nos. 66, 94, 98A, 98B, 100, 172). The number and kind of samples tested 
appeared sufficient to give some significance to this result. Flowers of pear 
and apple (Nos. 68, 70B, 101) never yielded S. sclerotionmi but always a 
great abundance of Ehizopns. It does not appear possible, however, that 
any host specificity as to the occurrence of the fungus could have existed 
in light of its universal distribution on other material in the same vicinity. 
It is more probable that certain materials were more favorable than others 
to the growth of the fungus, even though the spores were present on all. 
Mustard blossoms and flowers of the California poppy (Eschscholzia) 
seemed to furnish a particularly favorable medium since such material 
from different localities usually developed an abundant groAvtli of S, sclero- 
tiorum. The various specimens of these plants were gathered in all sorts 
of places, orchards, alfalfa fields, and bare land, and along roadsides. 

The fungus was not obtained from fruit trees after the latter part of 
April, when it began to become less abundant, but was recovered from 
green bur cdover on May 18. This as usual was on sound, green leaves 
which showed no visible sign of infection before being placed in the moist 
clianibeT. 

No rain fell during May hut there was considerable precipitation during 
the first half of June. The last test was on June 24. Not a single ease of 
green rot or an 3 r visible natural development of Scley^'otina selerotiorum was 
observed in 1929. 

In 1930 the work was reopened on February 12. Almonds were in 
bloom, but on the Tilton apricots in the Merced orchard the flowers had 
not yet opened. No cover crop had been planted in this orchard and the 
ground had recently been cultivated so that it was completely hare of vege- 
tation, except a little grass and dead leaves around the base of each tree. 
No rain had fallen for two weeks and the soil was quite dry. No sign 
of the mycelium, sclerotia, or apothecia of Bderotinia sderoUorum could he 
found beneath the trees and the conditions were entirety unfavorable for 
an^^ such development. The first sample taken for culturing consisted only 
of twigs and buds, no blossoms having opened. It could hardly be expected 
that the fungus would develop upon such material even if spores were 
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present. The almond blossoms, liowever, gathered on the same day in the 
same locality, constituted a very favorable medium, but these did not de- 
velop the typical organism. Almond blossoms gathered at Atascadero (San 
Luis Obispo County) on February 22 did not develop the fungus, but 
similar material collected the same day at Morganhill (Santa Clara 
County) gave a very abundant growth. This came from an orchard with 
perfectly bare, dry soil and with conditions in every way most unfavorable 
to the growth of S. scleroiioritm in the ground under the trees. Com- 
iiieneing February 28 and continuing until April 4, a series of 18 samples 
representing a wide variety of material growing under various conditions 
in Merced, Stanislaus, San Joaquin, Contra Costa, Napa, and Santa Clara 
counties did not fail to develop an abundance of the fungus in any instance. 
In the case of sample No. 168A (from a heavy growth of Melilotus under 
prune trees at Morganliill) S. scleroiionm was growing quite abundantly 
in places on the dense mass of vegetation in the orchard. This was the 
only case during this entire investigation where visible growth of the 
fungus was found under natural conditions. Even here, however, per- 
fectly sound, individual, separate leaves taken at a height of 2 or 3 feet 
from the ground developed S. sclerotiorum almost as quickly and abun- 
dantly as did foliage from the thick mat of growth near the soil where the 
fungus growdh was visible in the orchard. This indicated the presence 
of spores distributed abundantly all over the vegetation as well as the 
contact mycelium near the ground. No apothecia were found in this 
orchard. 

No case of green rot was found during 1929 and 1930. No apothecia 
were found in the soil, and, with the exception just noted (No. 168 A), no 
natural infection wdth Scleroiinia sclerotiorum on any host was observed. 

Note: In 1931 moist- clianiher testing of blossoms was commenced on 
Jannary 20 and continnecl to March 10. It w^as a season of humid, mild 
weather and the fungus S. sclerotiorum was found to he universally present 
in extreme abundance on all sorts of vegetation in central California from 
Napa to Merced County. Flowers of fruit trees and annual plants were 
apparently covered wuth spores and the fungus developed profusely in 
almost pure culture whenever such material was put into moist chambers. 
No such development occurred, however, on the flowers in nature and the 
presence of the fungus -would never have been suspected without the moist- 
chamber test. 

During the current season apothecia of S. sclerotiorum were found in 
abundance, developing from old sclerotia in the soil among thick vegetation, 
particularly in fields of yellow mustard, Brassica campestris L. This is one 
of the commonest winter-blooming plants in central California and covers 
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tliousands of acres of fields, vineyards, and orchards 'with solid sheets of 
yellovi^ Prom this season ^s experience it would appear that such fields 
of this or other favorable v^egetation form the breeding ground of the 
fungus. Mj^celiuin and sclerotia develop each j^ear during the latter part 
of the winter on the plant remains in the soil. The sclerotia remain over 
summer and start to develop apothecia with the next winter’s rains, thus 
producing successive crops of ascospores which fill the air of the whole 
vicinity. Whether the vegetation upon which the fungus develops and 
upon which the production of apothecia and ascospores depends is directly 
beneath the trees or at some distance is of little consequence. 

DISCUSSION 

The f oregoing results indicate that : 

1. In the green rot of the apricot and almond, infection with SclBTotima 
sderoiiorum must take place by means of spores. 

2. The production of such spores has no relation to the soil directly 
beneath the trees, the presence or absence of a cover crop, or similar 
conditions. 

3. The fungus has no specificity for or limited occurrence on the apricot, 
almond, or other hosts on which infection may occur, but in the early part 
of 1929 and 1930 was present in great abundance on all sorts of vegetation. 

4. The abundant presence of spores of S. scleroiiorum on vegetation 
has no correlation with the development of the fungus on vegetation or 
soil directly beneath. 

5. Spore production and distribution must commence as early as Feb- 
ruary, previous to the time when growth of the fungus on soil and surface 
vegetation occurs. Spores must continue to be produced and distributed 
throughout the spring, since much of the material tested in the latter part 
of the season had not yet developed in the earlier part. 

6. The distribution of the fungus is not effected by ascospores produced 
in easily found apotheeia in the soil in close proximity to the final resting 
place of the spores. 

The Avhole situation’ indicates the occurrence of some spore form of 
Sclerotimm scleroiiorum which is v^ery abundantly produced and generally 
distributed throughout the spring season, regardless of whether conditions 
are favorable for the germination of spores and the development of a dis- 
ease like green rot. In two seasons, at least (1929 and 1930), when no 
green rot appeared and almost no development of S. scleroiioruni on annual 
vegetation was observed (sample No. 168A being the only exception), the 
fungais was universally present when given an oppoiffunity to develop in a 
moist chamber. 
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Relation to Boiryiis : fact that Botrytis is so eommoiily associated 

with Sclerotinia sclerotioriim in almost all cases of its occurrence and has 
even in some cases (Nixon and Curry (2), Smith and Smith (5)) been 
thought toi be the cause of green rot raises the old question of the possi- 
bility of this being a conidial stage of S, scleroiiornm. If this were true 
the whole question under discussion would be solved. Gauinann (1, p. 
325) says: "'The economically important representatives of the subgenus 
Eusclerotinia, as 8. Fnckeliana, 8. Libertianay 8. Trifolionini and the 
various Selerotinias on monocotyledonous bulbs, in their choice of hosts are 
much less specialized than those of the subgenus . . . . 

During the summer they kill the infected organs, developing in them the 
sclerotia in which they over-winter. Their conidia arise singly on eliarac- 
teristicall}" formed conidiopores and hence, in contrast to those of Sti^oma- 
tinia, are placed in Botrytis rather than in Monilkt, As the cultural deter- 
mination of the perfect form is rarely possible, one generally places them, 
especially those of the 8. F^itckeliana and 8. Liheoiiana groups, in the col- 
lective species Botrytis cinerea.'^^ In the same connection these authors 
reproduce an illustration of Botrytis by the writer with the legend ^^Sclero- 
tinia scleroHoritm. Conidial stage Botrytis cinerea (after R. B. Smith, 
1900).’’ Inasmuch as this drawing was published in an article attempting 
to prove that Botrytis is not the conidial stage of 8. Likertimia (sclera- 
tioriim), the inference is a somewhat ambiguous one. 

In the investigation here reported no difficulty was ever experienced in 
definitely separati^^" Boti^is and Sclerotinia sclerotioriim in culture, as 
stated on page 41r3 and illustrated in figure 6, even though their simul- 
taneous occurrenee here was typically common. The writer has, further- 
more, been unable to find any literature or experimental evidence to sub- 
stantiate the statement of Gaumann or to disprove the writer’s own 
conclusion, published in 1900, that ^'Sclerotinia Uhertiana Siiid Boi^'ytis 
cinerea have no connection whatsoever with each other, and that the former 
species has no conidial stage of this type.” There appear, therefore, to be 
no grounds for accepting the attractive hypothesis that the distribution of 
8. sclerotioruni takes place by means of a conidial stage of the Botrytis type. 

Mieroconidia (s-perniatia., pycnospores) : There is occasionally found, 
on the mycelium or sclerotia of S. sclerotioriim, an abundant production of 
minute, acrogenous mieroconidia. These at times have been seen to germi- 
nate and make a feeble growth. That they have any important function, 
however, in the reproduction of the fungus is extremely doubtful. 

Ascospores: The usual conception of the life histor}’' of S. sclerotioruni 
is that already indicated, that the sclerotia, formed one year, lie over win- 
ter and reproduce the fungus the following year by the development of 
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clSCOSporGS or lllYCGlivilll. In IllG CJISC of tlio IgIHOII tllG ItlcltlGl is woll GX- 

pressed C. 0.^ Smith (3,, p. 245) as follows: '^Tlie vegetative stage is the 
white, cotton-like growth. . . . This growth has no spores, but can spread 
rapidly and has the power to infect . . . by . . . contact. ... In this 
white growth, iiiinierous black bodies known as sclerotia are developed. . . . 
After these bodies have gone through a period of rest and the favorable 
rainy, cool ‘weather of the autumn and winter has come, they revive and 
become active. The sclerotia may then send out a fresh growth of myce- 
lium, the vegetative stage, which could easily infect dead organic matter or 
the weaker plant growth of Aveeds or cover crops. Here after a time new^ 
sclerotia are again formed. From the sclerotia in the soil the spore stage 
(ascospore) is formed under the cover crops in the lemon orchards. . . . 
Some of these spores are carried by the wdnd to the fruit and twigs . . . 
where under favorable conditions they germinate and produce the vegeta- 
tive stage. The apotliecial stage in California begins to appear about the 
first of October and continues to be formed during the winter and spring. 
After the cover crops of the orchards are plowed under and cultiva- 
tion begins, few apothecia (spore stage) are thought to be produced, for 
this stage the fungus requires moist, shaded conditions, such as are best 
found under cover crops during the rainy season.^' 

On the basis of present knowledge the dissemination of wind-borne asco- 
spores from sclerotia in the soil furnishes the only explanation of the dis- 
tiubution of this fungus on the aerial parts of plants. To account for the 
origin of such ascospores, in such abundance and general distribution as 
have been shown to be the ease, it seems necessary to seek some more obscure 
and distant source than the soil beneath the trees or plants. 

SUMMARY 

The “green rot” disease of apricots and almonds, an infection of young 
fruits through adherent, dried calyces, occurs in a very sporadic manner 
in eentral California. 

The usual cause of the disease is the fungus Sderotinia sderoilorum, 
Botriftis cinerea Pers. is commonly associated wuth affected material and, 
in some instances, has been considered to be the cause of the disease. 

The common supposition has been that infection is caused by Arind-borne 
ascospores originating in the soil beneath the trees from sclerotia produced 
by the fungus groAving on cover crop or other surface plants. 

Moist-chamber tests of blossoms of apricot and other fruit trees, as well 
as those of many annual plants, from many places in central California, 
sliOAA^ed that from about February 15 to June 15 this fungus AA'as univer- 
sally present on vegetation, presumably in some spore form. This aauis true 
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during two seasons (1929 and 1930) when no green rot appeared, when no 
development of BcleroUnia scleroUoriim (save in one minor instance) on 
surface-growing plants was observed, and in situations where vegetative 
growth of this fungus was extremely unlikely. 

No evidence was found to suggest that 8, sclerotiorum possesses a 
conidial stage of Botrytis or any other type. 

It would appear that the aerial distribution of this fungus is much more 
general than has hitherto been suspected. 

Division of Plant Pathology^ 

University of California, 

Berkeley, California. 
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PLANTS AFFECTED BY FIRE BLIGHT 
H. E. Thomas and H. E. Thomas 


The plants known to be affected by fire blight, caused by Bacillus 
amylovorus (Burr.) Trev., already comprise an imposing* group and have 
been reviewed by Snow^ (7), Rosen and Groves (6), and Pierstorff (4). At 
first glance it might appear that the list for North America is fairly com- 
plete. The cultivated plants of California, however, include a number of 
rosaceous trees and shrubs, some of them recently introduced, which do not 
seem to have been studied in relation to their susceptibility to fire blight. 

It has been observed by various wmrkers in California during the past 
several years that species of Cotoneaster and Pyraeantha are affected by 
a disease assumed to be fire blight, although the wuiters have found no pub- 
lished record of experimental proof for any species of these genera save 
the early report by Arthur (2) from New York for P. coccinea}’^ 

The work reported in this paper w^as initiated primarily to study the 
susceptibility of species of Pyraeantha and Cotoneaster and was later ex- 
panded to include a number of other readily available plants. A few pre- 
viously tested plants were included and certain others for w^hich the evi- 
dence seemed inadequate. A number of inoculations were made on potted 
plants in the greenhouse at Berkeley, California, during the winter and 
spring of 1929-30. The remainder were field-inoculation tests at the 
University of California Deciduous Fruit Station, San Jose. 

Of the plants used in the field, the species of Cotoneaster, Heteromeles, 
Kerria, Photinia, Pyraeantha, Raphiolepis, and Spiraea WTre planted on 
February 5, 1930. The remaining species and varieties were planted one 
year earlier. All the plants were making satisfactory growth at the time of 
inoculation with a few exceptions, wdiich will be noted. Most of the in- 
oculations on these were made in May, 1930. 

In consideration of the possible existence of pathogenic strains of the 
fire-blight organism, eight cultures were used for the majority of the in- 
oculations. These represented pear, apple, Cotoneaster, and Pyraeantha 
and, geographically, California, Michigan, New York, and South Carolina. 
They were composited immediately before they were used and no experi- 

1 Submitted for publication August 22, 1930. 

2 In the names of plants Eelider (5) is accepted as the guide for the most part. 

3 A typewritten thesis by Adrian C. Wilcox (Eelation of miscellaneous plants to the 
pear industry. Thesis for the degree of Bachelor of Science in the University of Cali- 
fornia. May, 1920. Unpublished) on file in the Division of Plant Pathology of the 
University of California records successful inoculations on a single shoot each of 
Tyracanilia cocomea, Cotoneaster pannosa, and C. mierophylla. 
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jnents designed to distinguish differences in pathogenicity between the 
cultures were undertaken. Inoculations were usually made from bouillon 
cultures with dissecting needles ground to a fine point. 

The tips of growing shoots were inoculated in most instances. In a few 
eases in which these failed, later inoculations were made on older stems. 
Since none of the latter were successful, they will not be treated separately. 
In a single instance (Cotoneaster Sarroviana) flower clusters were iu- 
oeulated. 

EESULTS OF INOCULATION" EXPERIMENTS 

It is Mghly desirable to place on record some evidence of the degree to 
which susceptible plants may be affected. This has been attempted in the 
results of some of the inoculations summarized in table 1. The data ob- 
tained from inocnlatioiis at any given date, however, are only approximately 
comparable to those of another date, thongh they be taken from the same 
planting and at short time intervals. Infection and the subsequent course 
of disease seem to be very intimately related to conditions of growth rate 
of the plant and to temieeratiire and humidity during and after the incuba- 
tion period. There is, moreover, the probability that certain plants may 
escape inoculation in nature more often than do others. 

The problem of definitely placing a given species as to the degree of 
snseeptibility is further complicated in the genera Cotoneaster and Pyra- 
cantlia by the fact that considerable variation exists within certain species. 
This is not surprising in view of the common practice among nurserymen 
of growing these plants from seed. Specific instances of distinct differences 
in response to inoculation by plants of the same species from different 
sources will be noted later. 

Infection experiments in the field probably afford a more nearly exact 
basis for predicting the response of plants to infection in nature than ex- 
periments in the greenhouse. The latter wfill be reported therefore only 
wlien some special interest attaches to them. Since more particular atten- 
tion w-as given to the genera Cotoneaster and Pyracantha, these will be 
treated in somewhat greater detail. 

Judging from parallel inoculations on a susceptible variety of apple 
(Wliite Astraehan), it is concluded that the conditions under which the 
inocnlatioiis on plants of these genera w^ere made w^ere only moderately 
favorable for infection. 

Cotoneaster Med. Several species of Cotoneaster have gained wide 
popularity as ornamental shrubs in California. There may therefore be 
considerable direct loss from blight, due to the death in whole or in part of 
the shrubs themselves, as well as a considerable menace to neighboring fruit 
trees. The results of inoculation experiments on the following fourteen 
species are presented in table 1. 
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Cot on east 67'' acuminata Lindl. 

aclpressa Bois 

Dammeri Sclineid. var. radicmis Sclmeid. (F. P. I. 52677)^ 
'' Bielsiana Pritz. var. elegans Relicl. and Wils. 

Bois 

frigidaWall. 

Ha^^oviana Wils. (In part F. P. I. 72794) 
horizontalis Deene. 

Zacfea (F. P, I. 62569) 
microphylla Wall. 

‘‘ pannosa Franeh. 

prostfata Baker (F. P. 1. 56304) 

salicifoUa Francli. var. floccosa Eelid. and Wils. (In part 
F. P. L 62256) 

Simonsii Bak. 

For tliose species wliiclx were inoculated only in tlie greenkouse, tke 
extent of invasion by the organism is not tabulated, since these tests are 
not considered comparable with those made in the field. 

Three preliminary tests on a small scale were made with C. adpressa. 
In two of these a small amount of infection resulted. In a fourth test 20 
shoots were inoculated on 2 plants. After 12 days, 14 of these were blighted. 
The organism penetrated to a maximum distance of about li inches from 
the point of inoculation but in most eases was checked at about ^ to f inch. 
All these tests were made in the greenhouse. 

Two small plants of C. Dammeri var. radicans were available for green- 
house study. Five inoculations were made on each of two dates. Vigorous 
infection resulted in all of these and invasion was rapid until all the new 
growth was involved. 

In addition to the field inoculations of C. Francheti, recorded in table 1, 
seedlings w^ere inoculated in the greenhouse on four different dates. No 
symptoms developed on any of these. 

Late in the season of 1929 at Chico, California, G. frigkla was observed 
affected by blight in the larger branches as well as in the smaller shoots. 
An attempt to isolate the organism wns unsuccessful, but the failure may 
be accounted for by the exceedingly dry weather in that region throughout 
the summer and autumn. From cuttings taken on the University campus 
at Berkele^^ a single plant was obtained in the greenhouse. Five days after 
inoculation distinct symptoms were evident on the plant and in 11 days 
all the new growth was involved. In striking contrast is the resistance 

^ The wxiters are indebted to the Office of Foreign Plant Introduction of the Bureau 
of Plant Industry, United States Department of Agriculture, for some of the plants used 
in these tests. The corresponding F. P. I. number is shown in such cases. 
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TABLE 1 . — Jiesults of moculation of Cotoneaster and FyracantJia with the fire-hlight 

organism, Bacillus amylovorus 


Name of plant 

No.bf 

plants 

N 0 . of in- 
oculations 

No. of 
infections 

Average distance 
traversed by 
organism (inches)^ 

Shoots invaded 
beyond cur- 
rent season \s 
growth 

In 30 
days 

In 55 
days 

C. acuminata 

0 

30 

0 




C. adpressa 

2 

20 

14 

b 



C. Bammeri 







var. radicans 

2 

10 

10 

b 



C. Bielsiana 







var. elegans 

5 

30 

0 




C.Franc}ieti 

5 

30 

0 




C. f r ig Ida 

5 

30 

0 




C\ JSarrovknia 

5 

30 

2 

c 



C. hoi'isontalis 

5 

20 

4 

3.2 

4.7 

3 

C. lactea 

2 

25 

0 

b 



C. microphylla 

5 

20 

2 

0.3 

0.3 


C. pannosa 

5 

20 

14 

7.3 

12.2 

8 

C. prostrata 

2 

20 

1 

0.5 

D.5 


C. salicifoUa 







var. Hoccosa 

7 

28 

8 

5.5 

7.2 

2 

C. Simonsii 

5 

30 

0 




P. angiistifoUa 

5 

20 

13 

5.6 

7.5 

9 

P. coccinea 

5 

30 

2 

0.3 

0.3 


P. coccinea 







var. Lalandii 

5 

20 

5 

3.4 

3.4 


P. crenulata 

5 

20 

12 

5.5 

7.4 

6 

P. eroiulata 







var. kansuensis ; 

5 

20 

12 

5.8 

7.8 

7 

P. crenulata 







var. Bogersiana 

5 

20 

8 

2.8 

3.2 

1 

P. CFMsii 







var. yminwnensis 

5 

20 

4 

8.8 

11.0 

4 

P. formosiana 

5 

20 

13 

2.9 

3.9 

1 

Apple (White Astrachan) 

2 

20 

8 

4.7 

5.8 

1 


■■^Average from the shoots whieh actually became infected. 

Inoculated in the greenhouse^ only. 

^ Both infections in flower clusters. 


slioivn by tbe plants from another source inoculated at San Jose. The 
plants of this species from diflerent sources vary considerably in appear- 
ance as well as in susceptibility to blight. 

Plants of C. Earroviana were rather severely blighted in a garden at 
Berkeley in 1929 and the fire-blight organism was obtained from these in 
pure culture. Nevertheless, 13 inoculations on plants (F. P. I. 72794) in 
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the greenhouse on three different dates failed to produce any symptom of 
disease. It will he noted further that inoculations in the field on plants 
from another source lorodueed at most a relatively mild infection. Here, 
apparently, is another case of variation as to susceptibility within a species. 

Pyracantha Eoem. (Firethorn). The position of this genus in popu- 
larity among the oriianiental shrubs in California is similar to that of 
Cotoneaster. The species and varieties used in these tests are listed below 
and the results of inoculations are presented in table 1. 

Pyracantha angustifolia Schneid. 
coccmeu Eoem. 

' ' ^ ' ' ' var . Lalandii Dipp . 

cremilata Eoem. (F. P. I. 55997) 

'' '' ‘‘ var. Tcansuensis Eehd. (F. P. I. 40736) 

A. B. Jacks (F. P.1.72814) 
Gih'bsii A. B. Jacks var. yiinnanensis Osborn 
formosiana (?) 

Pyracantha a7ig%isHfolia is one of the most attractive of the shrubs 
grown in California particularly during the winter months. Unfortunately, 
it also is one of the most susceptible species of this genus. Natural infec- 
tions were abundant in Berkeley during the summer of 1930 and in one 
planting the disease was severe. 

Pyracantha Gihhsii var. yunnanensis has exhibited rather marked varia- 
tion in response to inoculations. It will be noted (Table 1) that the extent 
of invasion following inoculations in the field is greater than in any other 
species of the genus, although the number of infections was small. In 
contrast are the results of a small number of inoculations on seedlings from 
three different sources in the greenhouse. Although these inoculations 'were 
made on six different dates from pJanuary to July, the plants from two 
sources developed no symptoms, whatever. A single plant from the third 
source became blighted apparently as readily as did the plants in the field. 

Chaenomeles Lindl. Blighted fruits of CJiaenomeles smensis Koehne 
were received from a garden in Berkeley where scions of the species had 
been grafted on the common quince, Cydonia ohlonga Mill. (These fruits 
w^ere placed in a moist chamber and soon became entirely involved by the 
disease). The symptoms were typical of fire blight, which was also present 
on the shoots and blossom clusters of the common quince. The bacterial 
exudate from the fruits of C. sinensis was used to inoculate 5 seedling apple 
shoots. At the end of 4 days all of these bore typical symptoms of fire 
blight. 

Diospyros L. (Persimmon). In the first experiment with this genus, 
ten inoculations were made in the field on a single plant of Diospyros Lotus 
L. After 8 days all the inoculated shoots showed some blackening around 
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tli6 wounds mado by the iiioeulatiiig needle. -A-t the end of 14 days one shoot 
was blighted to a distance of 4 inches from the point of inoculation and 
bore a small amount of bacterial exudate. At the same time the discolora- 
tion had spread on 2 other shoots for a short distance H to | inch). No 
further development of symptoms was noted, however, after this time. 
Thirty additional inoculations were made on shoots of this species at later 
dates. Only slight s 3 nnptoms developed in 3 of these. 

Diospyros Kaki L. was inoculated on two occasions in a total of 15 
shoots. Some evidence of infection was seen on 2 shoots but this was slight 
and the species is consequently left in the doubtful class. 

Thirty inoculations -were made on D. virginiana L. without the produc- 
tion of any symptoms. 

Heteromeles Poem, l^aite (8) in 1906 observed the typical symptoms 
of fire blight on Heieromeles arhuUfolia Poem., the common Toyon or 
Christmas berry, at Vacaville, California. This author states that ‘‘several 
of the twigs contained the living bacilli’’ but, apparently, he made no cul- 
tures or infection experiments. Although Waite’s conclusion has been sup- 
ported by the observations of a number of workers since that time, it has 
seemed desirable to make inoculations on this species. Seedlings were inocu- 
lated in the greenhouse on three dates. Infection resulted on each occasion, 
although the plants were small and not in so vigorous condition as is desir- 
able. Eleven inoculations w^ere made on 5 poorly growing plants in the 
field. Seven infections resulted, involving most or all of the new growth 
in each case. In view of all the evidence it cannot be questioned that this 
species may be and frequently is affected by fire blight in nature. The 
growth condition of the plants used in these experiments does not permit 
of any attempt to estimate exactly the degree of susceptibility of the Toyoxi 
as compared with the other plants studied. 

Kerria DC. K. japonica DC. w^as inoculated on three occasions in the 
greenhouse and once (on 20 shoots) in the field. No trace of a symptom 
resulted in any instance. 

Photinia Lindl. Pierstorff (4) in a paper now in manuscript records 
successful infection experiments wdtli P. villosa DC. The writers have 
tested (in the field) P. sernilaia Lindl. and a similar form sold under the 
name P. dentata for which they have found no authority. At the time of 
the first inoculations the plants w^ere making rather poor growth. No infec- 
tion resulted from 16 inoculations on each sort. Later when the growth 
condition of P. sernilaia w^as somewhat better, 20 inoenlations were made 
on this species and 5 on P. dentata. No certain symptoms w^ere produced. 

Prunus L. While fire blight has been recorded on several species of 
this genus, there is distinctly less susceptibility here than in the subfamily 
Pomoideae of the rose family. It is desirable, however, to make further 
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inoeiilations in this and related genera in order that a more nearly balanced 
view may eventually be obtained of the relative susceptibility of the plants 
which may be aftected by the fire-blight disease. The complete list of 
Prunus species used in these tests is given below. 


Pnmtis allegheniensis Porter 
americana Marsh, 

Armeniaca L. 
avium L. 

Besseyi’BAley 
'bokJiariensisBojle 
'' cerasifera Bhrh. 

CerasusJj. 
communis Arcang. 
dasycarpa Ehrh. 

^ ^ domestica L. 

^ ‘ Jioriulana Bailey 

ilicifoUa AValp. 

^ ^ insititia L. 
makaleb L. 
mira Koehne 
mume Sieb, and Zucc. 
Pmict^ Bats eh 
salicina Lindl. X P. cerasi- 
fera Ehrh. (Myrobalan) 
semdata Lannesiana ( Car- 
rier e) Koehne 
Simonii Carr. 
tomenfosa Thunb. 


Alleghany plum 

Plum 

Apricot 

Cherry (Bing variety) 

Western sand cherry 
Plum (India) 

Myrobalan (cherry plum) 

Cherry (inorello) 

Almond 

Purple apricot 

Agen or French prune 

Hortulana plum 

Holly leaf cherry 

St. Julien G. and Black Damas C, 

Mahaleb cherry 

Japanese apricot 

Peach (a flowering variety) 

Methley plum 

A flowering cherry 
Apricot plum 
Manchu cherry 


Since relativelj^ few infections 'were produced on the plants of this 
genus, the results are not presented in tabular form. 

From 5 to 50 (usually ten) inoculations were made on each species. 
Parallel inoculations on apple demonstrated that the conditions at the time 
these were made were quite favorable for infection and more so than was 
the case with the inoculations on Cotoneaster and Pyracantha. In some 
instances effects were produced, such as gumming or discoloration at the 
point of inoculation, which may have been due to the presence of the 
organism, but only those species that exhibited more definite symptoms 
will be treated in the following paragraphs. 

All of the inoculations with the exception of those on P. ilicifoUa were 
made in the field on May 23, 1930, and the final notes were made on July 1. 

Ten shoots of P. allegheniensis were inoculated. At the end of the 
experiment 5 of these bore some s;^unptoms of blight. Invasion was very 
limited, however, varying from i to | inch. 
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Two varieties of apricot, Tilton and Eoyal, were tested. On the Tilton 
there was a small amount of diseoloration and bacterial exudate but none 
of the tips of shoots was entirely killed. On the Eoyal variety i of the 10 
inoculated shoots were killed at the tip or on one side of the shoot to dis- 
tances of 1 to 1^ inches. 

Ten shoots were inoculated on 2 plants of P. Besseyi. Nine of these 
suffered some injury, mostly less than 1 inch in extent. One of them, how- 
ever, blighted to a distance of 3 inches in 11 days, accompanied by the 
typical bacterial exudate. 

Fifty inoculations were made on 5 selections of myrobalan plums, 10 
on each lot. On 2 of these lots, both of the red-leaf type, distinct symptoms 
were produced. One collection listed in the station records as Davis 
myrobalan 2567 yielded 8 infections ranging in extent from -I to 2| inches. 
The other, propagated from a chance myrobalan seedling, became slightly 
affected in 4 of the 10 inoculated shoots. 

Priinus dasycarpct became infected in 3 of 10 inoculated shoots, wdth a 
maximum penetration of 14 inches. 

About 30 inoeulations were made on seedlings of P. ilicifolia in the 
greenhouse on 5 different dates. Following one of these there was some 
killing of the tips of shoots, but, since the results of all the other tests were 
entirely negative, it is concluded that these plants probably are highly 
resistant to, if not immune from, fire blight. 

Two lots of P. mume were inoculated. On one of these, 2 of 10 inocu- 
lated shoots showed a small amount of killing hut scarcely enough to more 
than place this species in the doubtful class. 

The hybrid Methley plum developed 8 infections from 10 inoculations, 
with a maximum invasion of 1 inch. 

Prumis Simonii became infected in 8 of 10 inoculated shoots, but the 
lesions ceased development at i to f inch in length. Paddock (3) observed 
what he believed to be natural infection on this species in Colorado, in 1003, 
blit apparently made no cultures or inoculation experiments. 

Pyrus L. (Pear and Apple) . Pyrus Malus L. var. Niechiiwi^Bkyana Aseh. 
and Graebii., a red-leaf, ornamental crab apple, was inoculated in 6 shoots. 
Invasion was slow but definite and finally resulted in killing on 4 shoots to 
an extent of IJ to 6-J inches. 

Five inoculations were made on a single young tree of P. prunifolia 
Willd., plimi-leaf crab, in the field. Infection resulted in 3 shoots with 
a maximum invasion of 3 inches. In a later test, all of 10 inoenlated shoots 
were blighted to a distance of i to 3i inches from the point of inoculation. 

The hybrid kaido crab, P. micromaliis Bailey, was inoculated in 9 shoots. 
Only 2 of these became infected but these were eventually killed to 4 and 12 
inches from the point of inoculation. 



1931] 


Thomas and Thomas: Fire Blight 


4:33 


Bafhiolepis Lindl. Two species of these evergreen shrubs were tested 
at San Josti 

Five plants of E. indica Lindl. in only moderate vigor were inoculated 
in 21 shoots. Twelve of these developed some symptoms and several were 
invaded for 2 to 5 inches. In view of the growth condition of the plants, 
it is coneliided that a rather marked susceptibility inheres in this species. 

The 5 plants of R. wnhellata Mak. were small and made poor growth 
throughout the period covered by these experiments. Twenty-one inocula- 
tions were made on these. There was some evidence of invasion in a few 
shoots, but further inoculations are desirable before any definite conclu- 
sions are drawn for the species. 

Spiraea L. Twenty inoculations were made on each of S. cantoniensis 
Lour., S. priinifolia Sieb. and Zucc., and 8. VanJioutiei Zabel. No infection 
resulted. These inoculations were repeated later on the same plants. Some 
injury resulted on S, Vanhouiiei and S. cantoniensis but it was scarcely 
sufficient to be conclusive. No symptoms were produced on S. lyriinifoluL 

A blight of Spiraea sp. has been reported as fire blight from Maryland 
(1) (without experimental proof), and Eosen and Groves (6) reported 
symptoms of blight resulting from inoculations on detached twigs of this 
species.'^ 

DISCUSSION 

An exact account of the degree to which susceptible plants under natural 
conditions may be affected by fire blight must aw’ait more extensive observa- 
tions, even for plants which have long been recognized as affected by this 
disease. For example, apricot, cherry, plum, and prune have been on 
record for many years as susceptible, yet few observations seem to have 
been inade on fire blight among these plants in the orchard. Eelatively 
little time has been given by the waiters to a search for natural infection 
of the susceptible plants here reported for the first time. Such infections 
have been seen, however, presenting the typical symptoms of fire blight 
on Cofoneaster frigida^ C. Harroviana, C, Pyracantha angustifolia, 

P. eoccinea Lalandii, P. crenulata, P. crenulata Ji'ansuensiSf and P. crenulafa 
Rogersiana. The fire-blight organism was isolated from blighted specimens 
of 3 of these species. 

It is inferred by comparison 'with parallel inoculations on apxile that 
Cotoneasier pannosa, Pyracantha angnstifolia^ P. crenulata, P. crenidafa 
Jcansuensis, and P. Gidhsii yunnanefisis exliihit a degree of susceptibility 
approaching that of ax)ple and pear. The limited tests with C. Damnien 
radicans indicate a rather marked susceptibility in this species. 

■'5 Since tliis paper was written, Groves has presented conclusive evidence of the 
susceptibility of Varlioutiei. (XI. S. Dept. Agr. Plant Dis. Rep. 14: 133. 193D). 
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It is probalble that the blight organism will be found to survive the 
winter in plants of several of these species, since cankers not uncommonly 
extend into branches several years old. The menace to fruit trees, how- 
ever, offered by these shrubs, is not so great as it may appear, since most 
of the susceptible species of Cotoneaster and Pyracantha come into blossom 
distinctly later than the pear and apple. This is also true of the Toyon. 

The existence of even a slight degree of susceptibility in a genus so 
remotely related to the rose family as Diospyros (ebony family) suggests 
that the list of susceptible plants may yet be far from complete. It is of 
interest, however, to note that within a single susceptible species {Goto- 
neastGr frigida) or variety {Pyracantha Giihsii yunnane^'isis) plants may 
be found that are highly resistant to if not immune from fire blight. 

SUMMARY 

Fifty-six species, representing eleven genera of plants, were inoculated 
with the fire-blight organism, Bacillus amylovoms. Some evidence of the 
degree of susceptibility of plants in certain of these species is presented. 

Among the species of Cotoneaster, C. Dammeri racUcans^'''^\ C. hori- 
zontalis'^\ 0, pannosa/^, and C. salicifolia floccosaf^' are distinctly susceptible. 
Cotoneaster adpressa'^^ C. micropliylla;^ and (7. prostrata^' may be infected 
but exhibit a rather marked resistance, while C. acuminata., C. Dielsiana 
elegans, C, FrancJieti, C. lactea, and 0. Simonsii have remained unaffected 
through these experiments. Some plants of C. frigida/^ and C. Ilarroviana^ 
are distinctly susceptible, while others are not. This appears to be due to 
variation within the species, 

Pyracantha angitstifolia*, P. cremdata^, P. crenulata hansuensis^, P. 
cremdata Eogersiana^', P. Gihhsii yumianensis^, and P. formosiana'^ are at 
least moderately susceptible, while P. coccinea and P. coceinea LaXandii^ 
are somewhat less so. 

Symptoms were produced by inoculations upon plants of Prumis 
aUegheniensis^, P. Armeniaca, P. Besseyi^% P. cerasifera;^, P. dasycarpa/^, 
and P. SimoniiX^, but all of these species appear to be relatively resistant. 

Evidence is presented to show that CJiaenomeles sincnsis^’'^ may be 
affected by fire blight in nature. 

Successful infection experiments were made upon plants of I)ios2yyros 
Loftis"^, Heteromeles arlutifolia, Pyrus Mahis Niedzwetzhyana^' ^ P. micro- 
malm'*, P. prunifolia*, and EapMolepis indica*. 

® The species and varieties for which no experimental proof of susceptibility has 
been found in the literature are marked by an asterisk. 
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The range of those plants that may be affected by fire blight is shown 
to be in need of further intensive and extensive study. 

Division of Plant Pathology, 

University of California, 

Berkeley, California. 
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RYE INFECTED WITH BUNT OF WHEAT 

E. N. Bressman 

During the past season two varieties of rye were inoculated with bunt, 
Tilleiia iritici (Bjerk.) Winter and T. levis Kiihn, from wdieat and infection 
was obtained. In 1923 Graines and Stevenson^ foiind bunt on rye at Pull- 
man, Washington. T. seccdis (Cda.) Kiihn has long been known in Europe, 
according to Kiihn. ^ 

Other workers have reported bunt on rye. Kirby, ^ in regard to Tilleiia 
iriiici on rye, says: '‘The stinking smut of rye has been reported but once 
in New York. Rye is very resistant to it, and never more than a few in- 
fected heads have been found in a field. The stinking smut in wheat com- 
monly found in this state, is caused by another species of smut fungus. 
Whether this fungus ever attacks rye is unknown.” 

In 1928 Johnston'* stated: “In Kansas several thousand heads of rye 
grown from seed heavily inoculated with bunt were examined and three 
heads w^ere found which -were bunted. The rye was -a mixture in badly 
smutted wheat seed and plants grown from that seed were heavily smutted.” 

In the last 3 years the writer has received 100 collections of bunt from 
various American and foreign sources. Sixteen of these collections were 
placed on spring rye sown at Corvallis in the fall of 1928. None of these 
infected the spring rye. In the fall of 1929, 26 of the outstanding collec- 
tions of bunt obtained from the variety Hybrid 128 grown at Corvallis were 
placed on Oregon Rye Sel. and 5 collections on pure Rosen rye obtained 
from the Michigan Agricultural College. 

The seed was heavily coated with bunt spores from the various collec- 
tions and sown in rod rows in the cereal nursery at Corvallis. One collec- 
tion of Tilleiia iriiici^ classified as physiologic form 9, in work to be pub- 
lished later, was the only one that infected rye at Corvallis. Six heads of 
bunt, or 6.1 per cent, w^ere found in 98 heads of Oregon Sel. 1, and 4 heads 
of bunt, or 3.5 per cent, were found in 115 heads of Rosen rye. None was 
found in either the checks or rows inoculated with other forms of bunt. 
There were about 4,000 heads of rye in these trials. 

1 Gaines, E, E., and F. J. Stevenson. Occurrence of bunt in rye. Phytopatli. 13: 
210-215. 1923. 

sKiilin, J. Tilletia secalisj eine Kornbrandform des Eoggens. Bot. Ztg. 34: 470- 
471. 1876. 

3 Kirby, R. S. Diseases of small grains. Cornell IJniv. Col. Agr. Ext. Bnl. 157: 
66. 1927. 

4 Johnston, C- 0. The Plant Disease Reporter, V. S. Dept. Agr. Sup. 62 : 324. 1928. 
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The eollection of tunt that infected rye was obtained from Morrow 
County, Oregon, an important wheat-growing section. It is one of the most 
virulent strains on wheat obtained by the writer and infects many of the 
so-called resistant varieties. 

In duplicate material from Pendleton, Oregon, grown and counted for 
the writer by J. Foster Martin, 133 heads of bunted rye were found in the 
2 varieties. Oregon Eye Sel. No. 1 was inoculated with 15 collections of 
bunt and Eosen rye with 5 collections in the Pendleton trials of which there 
were about 6,000 heads. Both species of bunt produced infection. Al- 



FiGt. 2. Normal and smutted kernels of rye. A. Normal kernels and bunt balls of Oreg. 
Sel. 1. B. Normal kernels and bunt balls of Bosen. Corvallis, Oreg. 1930. 
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tliougli several collections of bunt infected rye at Pendleton, physiologic 
form 9 gave the highest percentage. 

Figure 1 shows normal and bunted heads of both varieties. It shows no 
evidence of dwarfing of the bunted heads of these 2 varieties. 

The number of bunt balls found in the diseased heads of the Oregon 
rye is of interest. There is, ordinarily, considerable sterility in this variety 
and many of the flowers do not produce seed. The diseased heads produced 
bunt balls in practically all florets. Figure 2 shows typical normal kernels 
and bunt balls from the 2 varieties and gives an idea of the number of 
bunt balls formed in comparison with the number of grains in a typical 
head. 

The bunt produced on rye at Corvallis had the typical odor of wheat 
bunt. The spores averaged about 19 microns in diameter and were typical 
of Tilletia tritici. This material is being used in additional trials to de- 
termine definitely whether or not T. secalis is a form of T. tritici and should 
be designated as such. 

Oregon Agricultural Experiment Station, 

Corvallis, Oregon. 



PHAEMACIBN FKBCHOU AND THE GBEMINATION OP 
SCLEKOSPOEA OOSPORES 

W M . H . W E S T 0 N" 3 J R , 

It was in 1878 and 1879 that Sclerospora graminicola [Sace.) Seliroet, 
was first reported from Italy, from France, and from Germany, the first 
accounts of its morphology and development were presented, and its status 
as the type species of a new genus was established superseding tentative 
affiliations with Peronospora or Protomyces. The work done by the first 
investigators of this fungus, chiefly Saccardo, Passerini, and Schroeter is 
familiar to all. These pioneers did not secure germination of the resting 
spores even though Schroeter, realizing the importance of working out this 
phase of the life history, attempted it repeatedly. In the activity which 
followed calling attention to this fungus other investigators persevered in 
the endeavor to fill in the gaps in its life history and in 1884 Prillieux 
reported M. Frechou’s success in germinating the oospores. 

Since these early years of investigation this fungus has been found on 
various grasses (chiefly Setarias), both cultivated and wild, in many parts 
of the world and many of the problems which it involves have been studied 
by mycologists and plant pathologists. The resting spores, consisting of 
the single oospore closely enveloped in the thickened, golden to chestnut 
colored oogonial wall, have been subjected to morphologic and cytologic 
study, have been used as inoculum in infection tests, and on good evidence 
have been assumed to be the means by which the fungus survives unfavor- 
able conditions, persists from season to season, and spreads from country 
to conntry. 

Yet, during almost half a century of such investigation, no further eases 
of oospore germination were reported and nothing was added to the meagre 
knowledge of this phase of the life history. 

Now, however, within the past year or two, in a recrudescence of activity 
in the study of this downy mildew, Hinra^ not only has reported his own 
successful germination of resting spores of the fungus from cultivated 
millet in Japan and, presumably from the same host, iu the United States, 
but also has mentioned seeing these bodies successfully germinated by 
DaNami; while, recently, Evans and Plarrar,’ working under Melhus, 
report having repeated the procedure successfully with oospores from 

1 Hiiira, M. A simple mettLod for the germination of oospores of Sclerospora 
graminicola. Science, n. s. 72: 95. 1930. 

2 Evans, M. M., and George Harrar. Germination of tlie oospores of Sclerospora 
gramimeola (Saec.) Pliytopatli. 20: 993—998. 1930. 
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foxtail grass. Set aria viridis, at Ames, Iowa, and give the first published 
drawings of the process. 

These papers, unfortunately, do not clear up the confusion that exists 
among various references in mycological literature to the previous ger- 
mination of Solerospora graminieola oospores. Gaumaim,^ for example, in 
his useful and authoritative ‘‘Yergleichende Morphologie der Pilze, ’’ p. 
81, after the statement that germination of the oospores takes place ^‘bei 
Sclerospora und Peronospora durch ein Keimschlauch, der in der Wirts- 
pflanze zu einem My cel aiiswachst’’ gives deBary 1865 as authority but 
it is to be feared, without adequate grounds, while Dodge in his extensively 
revised translation hardly improves the situation by adroitly omitting 
reference to deBary, thus leaving the statement unsupported. Fitzpatrick 
in his accurate and comprehensive account of the “Phycomycetesl’ refers 
to the method of oospore germination as undetei^mined. Hiura refers to 
Magnus as the investigator who succeeded previously in germinating the 
oospores, while Evans and Harrar point out that there have been confusions 
and uncertaintieJs and errors in such references without helping to clear up 
the situation. 

In the abundant literature on SclerDSfora graminicoldj from the time 
of its discovery until the recent work just noted, there is, as far as the 
writer, is aware, but one reference to any observation of the germination 
of these resting spores. This, as noted above, is contained in a contribution 
read by Prillieux^ before the Societe Botanique de France, seance of De- 
cember 14, 1884, and published in the Bulletin of that Society. In this, 
M. Prillienx reports that M. Frechon, pharmacist in the village of Nerac 
in the Midi of France, in the preceding year had called to his attention 
Feronospo^^a setariae [Sclerosiaora grammicola) on Setaria veriicillatay and 
from his own observations and those of M. Frechou, he describes accurately 
the season and nature of development of both the conidial and. oosporie 
phase of the fungus. He then continues, ^^Les oospores, ou spores d’hiver, 
apparaissent vers le mois de septembre, en grand nombre, a rinterieur 
des fenilles,' elles sont globuleuses, jaunatres, ont une paroi epaisse 
et lisse, et sont contenues dans des obgones ovales ou globuleux a 
paroi mince. Ces spores dormantes germent an printemps snivant. M. 
Frechou les a vues emettre un tube comme eelles du Feronospom viUcolap 
mais n'a pii poursuivre au dela Fetude de leur developpement. II est done 
encore ineertain si Foospore du Peronospora setariae pent prodiiire directe- 
ment un stipe conidiophore, comme je Fai annonee pour le Peronospora de 
la Yigne. ^ ’ 

5 Gaumann, B. Tergleiehende Morphologie der Pilze. Gustav Pisdier. Jena. 1926. 

4prillieux, E. Sur le Peronospora setariae. Bui. Soc. Bot. Prance. 31: 397-398 
1884. 



1931] 


Weston : Sclerospora graminicola 


443 


This descrip ti've note, even though scanty and without any supporting 
illustrations, none the less carries a conviction that germination of the 
oospores actually was witnessed and it apparently is the basis of the general 
impression that the oospores germinate by germ tubes in a manner some- 
what resembling that of Peronospora or of the grapevine mildew. 

It is rather surprising that this lone account of oospore germination in 
this fungus should have escaped attention so completely. To be sure, the 
writer,^ thinking that it might be of interest to others working in this field, 
referred to it in a discussion of ‘‘Production and Dispersal of Conidia in 
the Philippine Sclerosporas of Maize'' in 1921 (p. 273), but even so it 
remained unnoted either because readers were overcome with fatigue before 
they had reached this point in that somewhat lengthy paper or because in 
that sentence the word '‘paramacien," one of the five unseotched typo- 
graphical errors in the paper, so intrigued them with its possible protozoan 
connotations that the potentialities of the reference itself escaped them. 

Yet this neglected report of 1884 still has certain myeologic and historic 
interest. As far as we know, it is not only the first description of the 
method of oospore germination in Sclerospora graminicola^ but also the 
only description of this process during nearly fifty years' investigation of 
this and other species of the genus. Moreover, in revealing this tantalizing 
glimpse of Monsieur Prechou, Prillieux's report possesses a certain human 
interest. Ce pharniacien, que diable allait-il f aire dans eette galere ? Who 
was this obscure investigator whose significant observation transmitted 
unostentatiously through Prillieux has been credited to famous mycologists 
such as deBary and Magnus? One pictures him, a quiet man with an 
observing eye and seeking mind, on whose time the duties of compounding 
a few simple prescriptions for the village made no excessive demands, retir- 
ing to the corner of his orderly and aromatic little shop to look through Ms 
treasured microscope at diatoms as well as drugs, at moth-wing scales and 
mildews, at pollen grains, and Peronospora spores. One imagines him in 
the cool of the evening sitting in his garden and over a bottle of wine dis- 
cussing with his friend Prillieux questions and problems in the science dear 
to them both. Pharmaeien Frechon, the first to work out the germination 
of Sclerospora oospores, an accomplishment vrhich it has taken mycologists 
fifty years to repeat, — what other interesting observations did he make that 
have, alas, been lost to us? Any further knowledge of him and of his work 
would, indeed, he welcome. 

Laboratories of Cryptogamio Botany, 

Harvard University. 

5 Weston, Wni. H., Jr. Production and dispersal of conidia in the Philippine 
Sclerosporas of Maize. Jour. Agr. Pes. 23: 239— 278. 1923. 
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STUDIES OF THE FUNGICIDAL ACTION OF CERTAIN DUSTS 
AND SPRAYS IN THE CONTROL OF APPLE SCAB’- 

J . M. Hamilton 

INTRODUCTION 

Investigations of the effectiveness of fungicides in the control of diseases 
of orchard fruits have consisted chiefly of field spraying and dusting work 
and laboratory studies. While these types, of experimentation have yielded 
very valuable results, each has certain important limitations. In orchard 
wnrk the environment must be accepted without control and the complexity 
of variables frequently prevents adequate analysis of results. Purther- 
mofe, years of experimentation may elapse before conditions suitable for 
certain phases of the wnrk are encountered. In laboratory experiments, on 
the other hand, certain factors of environment may be very accurately con- 
trolled. However, the conditions are likely to be so different from those 
encountered in nature that an interpretation of results obtained from lab- 
oratory work can be applied to field conditions only with due reservations. 
It has seemed desirable in work with apple scab to supplement the field and 
laboratory studies with greenhouse experiments, in which the fungicides 
could be applied at will to plants on wdiich the disease was induced by in- 
oculation under partl}^ controlled conditions. This -work was begun by 
Keitt and Jones (29),^ -who developed the technique and conducted pre- 
liminary studies. The writer has continued this line of work with spe- 
cial attention to a study of the comparative efficiency of various sulphur 
fungicides and the relation of certain factors of the environment to their 
effectiveness. 

No attempt wull be made to review^ the extensive literature relative to 
the fungicidal action of sulphur and its compounds, as this seems to have 
been sufficiently accomplished in the papers of Windisch (60), Barker, 

1 Approved for piiblicatiDn by the Director of the "Wiseonsin Agricultural Experi- 
ment Station. 

Grateful acknowledgments are made to Dr. G. W. Keitt, at whose suggestion these 
studies were undertaken, for his kind suggestions and criticisms throughout the investi- 
gation and preparation of the manuseript. 

2 Reference is made by number (italic) to ^'Literature Cited/’ p. 520. 
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Cxiiiiiiighaiii, and WiltsliirB (2), Doran (10), Yomig (01), Yogt (o4), 
Barker (3, 4), Eoacli and Glymie (44), Young and Williams (62), Golds- 
worthy (17), Goodwill and Martin (24, 25), Williams and Young (57, 58), 
Marsh (34), Martin (36), Boaeh (45), Goodwin, Martin, and Salmon (21) 
and others. In vieiY of the great number of contributions on the speeifie 
use of sulphur for apple-scab control and the limitations encountered in 
an interpretation of much of the data, a general review of this literature 
in the present paper appears to be unwarranted. Studies of the epidemi- 
ology and control of apple scab and of the ascigerous stage of VenUtria 
maequalis Cke. and Wint. are reported in papers of Keitt and Jones (2.9) 
and AVilson (59) and in literature cited by them. As seems necessary, 
references will be made to the more pertinent work in the appropriate con- 
nections in the body of the paper. 

GREENHOUSE AND FIELD STUDIES-MATERIALS*"* 

The materials used are listed and briefly described as follows : 

Sulphur Dusts 

Siiper-sulfodust. A proprietary dusting sulphur prepared by the 
Niagara Sprayer and Chemical Co., Ine. It is guaranteed to con- 
tain not less than 92 per cent of pure sulplinr and not more than 
8 per cent of inert ingredients. The sulplinr has a fineness to 
permit 98 per cent to pass through a 300-mesh screen. 

Siilpliur'arsenate dusi. Prepared by tlioronghly mixing 10 parts by 
weight of powdered arsenate of lead with 90 parts of Super-siilfo- 
dust. 

Kolodiisi. A proprietary Bentonite-snlphur dust xirepared by the 
Niagara Sprayer and Chemical Co., Inc., guaranteed to contain not 
less than 90 per cent of sulphur and not more than 10 per cent of 
inert ingredients. It is a mixture of Bentonite-sulplmr (colloidal) 
with finely ground dusting sulphur Avhieh has a, fineness to permit 
98 per cent to pass through a 300-mesli screen. 

Kolotex. A proprietary Bentonite-sulphur dust containing arsenate 
of lead prepared by the Niagara Sprayer and Chemical Co., Inc., 

3 Acknowledments are made to the following eompanies for the preparation ai d 
donation of inaterials used in this investigation: 

Niagara Sprayer and Chemical Co., Inc., Middleport, New Y^ork. 

Stauffer Chemical Company of Texas, Houston, Texas. 

Koppers Company Laboratories, Mellon Institute, Pittshurgli, Pennsylvania. 

Pacific Gas and Electric Company, San Pranciseo, California. 

Cream City Cliemical TVorks, Milwaukee, Wisconsin. 

Standard Oil Company of Indiana, Whiting, Indiana. 

Bayer-Semesan Company, Ine., Wilmington, Delaware. 

Corona Chemical Division, Pittsburgh Plate Glass Co., Milwaukee, Wiseonsin. 
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guaranteed to contain not less than 77 per cent of sulphur and not 
less than 10 joer cent of arsenate of lead. The sulphur is a mixture 
of Bentonite-sulphur (colloidal) with finely ground dusting sulphur 
which has a fineness to permit 98 per cent to pass through a 
30D-niesh screen. The arsenate of lead was guaranteed to contain 
not less than 1.95 per cent of its own weight of total arsenic (as 
metallic) and not over 0.5 per cent of total arsenic in water-soluble 
forms (as metallic). 

Bentooiite-sidpJmr. Prepared by the Niagara Sprayer and Chemical 
Co., Inc. Bentonite-sulphur is the finely divided (colloidal) super- 
active ingredient of the Niagara Kolo Dusts. It is prepared by 
fusing sulphur into bentonite, with which it has been previously 
blended. 

Pomodust. A proprietary 90-10 sulphur-arsenate dusting mixture 
prepared by the Niagara Sprayer and Chemical Co., Inc., guaran- 
teed to contain not lessi than 87 per cent of pure sulphur and not 
less than 10 per cent of arsenate of lead. The sulphur has a fineness 
to permit 98 per cent to pass through a 300-mesh screen. The 
arsenate of lead wms guaranteed to contain not less than 1.95 per 
cent of its own weight of total arsenic (as metallic) and not over 
0.5 per cent of the total arsenic in water-soluble forms (as metallic). 

SuMinied sulphur. Anchor Brand Velvet Flowers of Sulphur, the 
sulphur component of ‘'oxidized sulphur” prepared by the Stauffer 
Chemical Company of Texas. It has a Chancel test of 76.2° C. 
It runs 95 to 99 per cent through a 200-mesh screen and is 100 per 
cent pure. 

Oxidized^ sulplmr. A proprietary “oxidizing sulphur,’’ prepared by 
the Stauffer Chemical Company of Texas. This dusting mixture 
was composed of >sublimed sulphur, 96 per cent ; potassium per- 
manganate, 2 per cent; and a catalyst, 2 j^er cent. 

Ferrox sulphur dust. A ground sulphur dust with size of particle 
averaging 5 microns, prepared hy the Koppers Company Labora- 
tories from Ferrox flotation sulphur, a by-product in the purification 
of mannfaetured gas. 

Wettable .Sulphur Preparations'^ 

Ferrox flotation suVplnir. 'Wettable sulphur paste with size of particles 
averaging 3 microns, a by-prodnet in the purification of maiinfae- 
tured gas, containing from 2 to 6 per cent iron oxide in a very finely 
divided state. Prepared by the Koppers Company Laboratories. 

4 Tiie canceiitratioii of tlie washed, and uiiwaslied flotation sulpliur sprays used in 
these experiments was calculated on dry-sulphur basis.- These sulphurs do not differ 
from one another in so far as characteristics of the sulpliur particle are eoiicerned. 
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Thylox flotation sulvJnir (unwashed). Wettable sulphur paste wdth 
size of particles averaging 3 microns, a by-product in the purification 
of manufactured gas from which all the impurities (mainly small 
percentages of sodium thiosulphate and sodium thiocyanate) have 
not been washed. Prepared by the Koppers Company Laboratories. 

Gray flotation sulphur. Wettable sulphur paste with size of particles 
averaging 3 microns, a by-product in the purification of manufac- 
tured gas containing nickel. Prepared by the Koppers Company 
Laboratories. 

P, G. & E. sulphur paste. Wettable sulphur paste known as black gas- 
house sulphur in California and of the same type as Gray flotation 
sulphur. Prepared by the Pacific Gas and Electric Company. 

Koloform. A proprietaiy wettable Bentonite-sulphur dust prepared 
by the Niagara Sprayer and Chemical Co., Inc., guaranteed to con- 
tain 54 per cent of sulphur and not more than 46 per cent of inert 
ingredients. 

Spraj's Containing Lime-sulphur 

Lime-siilphur (liquid). A commercial product prepared by Cream 
City Chemical Works. The specific gravity varied little from 1.8602. 

Lime-sulphur , aluminum sulphate mixture (Kelsall’s spray). Alumi- 
num sulphate, 3^ pounds to 40 gallons; lime-sulphur, 1-40; and 
calcium arsenate, f pound to 40 gallons. (Brittain, Kelsall, and 
Hockey (6).) 


Arsenical Compounds 

Arsenate of lead. A commercial powdered acid arsenate of lead, pre- 
pared by the Niagara Sprayer and Chemical Co., Inc., guaranteed 
to contain not less than 98 per cent of lead arsenate, not less than 
30 per cent of total arsenic oxide (As.Og), not over 0.5 per cent 
of the total arsenic in water-soluble forms (as metallic). 

Calcium arsenate. A commercial powdered calcium arsenate product, 
prepared by the Niagara Sprayer and Chemical Co., Inc., guaranteed 
to contain not less than 70 per cent of tri-calcium arsenate, not less 
than 40 per cent of total arsenic oxide (AsoOJ, and not over 0.5 
per cent of the total arsenic in water-soluble forms (as metallic). 

Tri-lead arsenate. A basic lead arsenic product, made by the Sherwin- 
Williams Company, Cleveland, Ohio, guaranteed to contain not less 
than 25 per cent arsenic oxide and not over 1 per cent of the total 
arsenic in water-soluble forms (as metallic). 
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Copper Fungicides 

Bordeaux mixture 4-4—50. Chemically pure hydrated lime and copper 
sulphate were used. No correction was made for use of hydrated 
instead of stone lime in the composition of the spray. 

Copper-lime-arsenate dust. A mixture composed of 10 per cent by 
weight of finely ground anhydrous cupric sulphate, 80 per cent of 
hydrated lime, and 10 per cent of powdered arsenate of lead. 

Emulsified Oils 

L20. A white oil emulsion of the inert type. Prepared by the Stand- 
ard Oil Company of Indiana. 

L202. A white oil emulsion with a lower degree of stability and a 
higher percentage of oil than held by L20. Prepared by the Stand- 
ard Oil Company of Indiana. 

L205. A white oil emulsion, L20, containing a form of sulphur. Pre- 
pared by the Standard Oil Company of Indiana. 

Mercurial Compounds 

K-l-CB. A proprietary organic ethyl mercury chloride compound 
with water-soluble and volatile toxic material. Prepared by the 
Bayer-Semesan Company, Inc. 

K-l-GB. A proprietary organic ethyl mercury chloride compound 
with water-soluble and comparatively nonvolatile toxic material. 
Prepared by the Bayer-Semesan Company, Inc. 

117. A proprietary organic hexamethylene bichloride of mercury com- 
pound on a talc base. Prepared by the Corona Chemical Division, 
Pittsburgh Plate Glass Company. 

117 C. A proprietary organic hexamethylene bichloride of mercury 
compound on a bentonite-mixture base. Prepared by the Corona 
Chemical Division, Pittsburgh Plate Glass Company. 

117E. A proprietary organic hexamethylene bichloride of mercury 
compound on a bentonite-mixture base. The material is acid and 
contains free mercuric chloride. Prepared by the Corona Chemical 
Division, Pittsburgh Plate Glass Company. 

118. A pure monobasic mercury compound w’ithout a base. Prepared 
by the Corona Chemical Division, Pittsburgh Plate Glass Coinpany. 

Other Materials 

CuZuMiMi nionosulphkle U.S.P. Contained approximately 68 per cent 
calcium sulphide. 

Casem-linie. ''Kayso,’' a proprietary product obtained from the 

■ Griffiths Milk Products Company, Chicago, Illinois. 
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Lime. The hydrated and stone lime were C.P. products. The lijalrated 
lime was used unless otlieiuvise stated. The stone lime eontaiiied 
98 per cent calcium oxide. 

Boft soaps. Twentieth Century Soap and XXX Cork Tile Soai^, made 
by Tlieo. B. Kobertson Products Co., Inc., Chicago, Illinois. The 
20tli Century Soap is a neutral sodium soft soap containing 0.5 per 
cent alkaline salts but no free caustic alkali. The XXX Cork Tile 
Soap is a neutral potassium soft soap containing 0.12 per cent 
alkaline salts but no free caustic alkaline. 

Other chemicals. The chemicals used other than the above were C.P. 
products. Distilled water was used in the preparation of all the 
fungicidal treatments made in the greenhouse unless otherwise 
stated. 

APPARATUS AND METHOD 

The moist chamber (Pig. 1) devised by Keitt and Jones (29) was used 
to accomplish spore germination and infection at the desired temperatures. 
Two potted Wealthy apple trees (one to three years old) with an average 
of two to three twigs each (Fig. 2) were used for each experiment. In all 
eases, unless otherwise stated, the trees were naturally infected by means 
of ascosporie inoculum of Yeniuria inaequalis. Overwintered apple leaves, 
bearing abundant peritliecia which had been brought to maturity under 
suitable conditions of temperature and moisture, were placed on wire-net 
trays above the experimental trees. Ascospores were discharged, and 
their abundance was observed by microscopic examination of Petri plates 
exposed in representative situations in the chamber. Fungicidal treat- 
ments were made at suitable intervals before or after inoculation by means 
of a 2i-gallon ‘‘Hudson Sprayer” or a small garden hand duster. All 
moist treatments supplementary to those given during the period of in- 
oculation were provided by placing the plants in the moist chamber at tlie 
same temperature used during the inoculation period. After removal from 
the moist chamber the trees were placed in the- greenhouse, unless other- 
wise stated. After an adequate incubation period for the disease to de- 
velop, records were made of the number of lesions on each infected leaf 
pel twig. The maximum number of lesions recorded on any one leaf was 
100, regardless of any greater amount of infection, as counts could not be 
made vitii satisfactory accuracy if more than 100 lesions were present and 
a quantitative record above 100 would add little value to the data. Only 
the infection on the upper surface of the leaves was considered. 

EXPERIMENTS IN WHICH THE FUNGICIDES WERE APPLIED BEFORE INFECTION 

The widely accepted theory that underlies the application of most 
imgieides to plants in foliage is that effective treatments must precede 
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by tlie temperature of the water sprayed upon it. The desired temperature is achieved 
by mixing hot and cold water from supplies kept at suitable constant temperatures. 
A uniform saturated humidity is assured by wetting the inside^ of the inner chamber 
before using. The eloth parts of the inner chamber are washed and sterilized at fre- 
quent intervals to kill niieroovganisms which attack the cdoth and might give off gases 
which inhibit infection. 

and prevent infection. Attention has been focused, therefore, upon some 
of the phenomena of fungicidal effectiveness when applications were made 
before the infection period began. 

The data reported by Keitt and Jones (29) on the relation of time 
of application and temperature to the effectiveness of certain fungicides in 
the control of V enturia inaequalis in the greenhouse under controlled con- 
ditions show that sulphur treatments gave excellent control when the ap- 
plications were made 24 hours before inoculation, while Bordeaux mixture 
gave almost no control under the same conditions. Greaney (26), in an 
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Pig. 2. A. Section of greenhouse showing potted plants used in exiierimeiital 
work. B. Typical potted Wealthy apple trees used in inoculation experiments. 
C. Turntahle used to obtain uniformity of treatment of trees in inoculation and wash- 
ing experiments. 
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investigation of tlie effectiveness of sulphur dusts against some cereal rusts 
under controlled greenhouse conditions, obtained good control when the 
treatments were applied 12 days before inoculation, provided the plants 
were kept dry until inoculated. 

Excellent control of apple scab was obtained by the present writer from 
applications made before inoculation, using various sulphur preparations 
(aerated lime-sulphur 1-40 included), Bordeaux mixture, and certain oil 
emulsions (Table 1, Ser. 1-5, 8, 9, 11-18). The sulphur fungicides were 
effective when applied just before inoculation or 24 hours before inocula” 
tion. Certain sulphur fungicides and Bordeaux mixture may protect 
rapidly growing foliage from infection wdien applied more than 24 hours 
before inoculation (Table 7). The noteworthy point is that, under the 
conditions of this investigation, wdiere applications w^ere made before the 
infection periods began, the plants w^ere not subjected to loss of protection 
through rain or washing treatments ; all of the materials named gave essen- 
tially full protection. It is obvious, therefore, that scab is very easy to 
control during one period favorable for infection, if the fungicidal agent 
is not wmshed off. How^ever, the situation is quite different when experi- 
mental conditions are modified (1) to test the comparative effectiveness of 
materials wdien applied after infection has started, and (2) to subject the 
protective materials to washing treatments before the experimental plants 
are inoculated. 

EXPERIMENTS IN WHICH THE FUNGICIDES WERE APPLIED AFTER INFECTION 

The most critical time for the control of Venttiria inaeqiialis under 
orchard conditions is during the period of rapid expansion of susceptible 
host parts early in the season, when environmental factors are likely to 
be more favorable for infection than later in the year. Early infections 
provide an early secondary inoculum wdiieh, particularly in the case of 
sepal infection, may result in severe scabbing of the fruit. The rapid 
expansion of host parts in the preblossom period makes adequate protec- 
tion very difficult and expensive to maintain. A fungicide wAich wmild 
be effective when applied shortly after infection would offer distinct ad- 
vantages for scab control in emergencies arising wdien adequate protection 
could not be provided before the infection period. An investigation of 
the effectiveness of sprays or dusts applied after inoculation for the control 
of V. inaequalis wms begun by Keitt and Jones (29) in the greenlionse 
under controlled conditions. This w^ork has been continued by the present 
wuiter wdth special attention to a study of the comparative efficiency of 
various sulphur fungicides and the relation of temperature and moisture 
to their effectiveness. 

Keitt and Jones (29) found a suggestion of the inhibition of Yentiiria 
inaequalis under controlled conditions when treatments followed infection 



TABLE ^^—Effectiveness of oariai/n fwngicidaX treatments applied after mfection of Wealthy apple leaves Ivy aseospores of 

Vo7iUiria vnaetpualis 


460 


Phytopathology 


[VoL. 21 


5 bn 


2 ^4^ 

c: 


1 1 


"H 

O +3 

a: q 

-jc 

l-S ^ 


Period 
ill Grill' 
before 
fling, 
applied 

t-4 

Period 

in 



o r-i r:-:) Cl o i> i-w t' 

O CO OC (M 1-4, Cl 


O C5 00 O cO 00 CO O OC l o O r-H CO Cl ' 
O 01 UO CO ^ ‘-0 CO to O x}H 00 t 


OCOOtOOOOCT-iOCOCitO 
O Tji UOi XO 'CC Cl r-j Cl 


O CO -H 'tH o CO to Ot Cl to? O 00 rH tH 
O lO UO t- rH l>- O L"- TiH tH C l 


O to CO O Cl w OO O O to C 
to oc' r-i ci to CiO o' ci I 
iH 


T—i Cl 70 O 00 o to oo I:— O O CO rfH to o 

Qo' GO 1.0 CO* id xd to' TtH CO O rH tO CO 

Q-j rO i—i rH Cl d rH Cl CO Cl rH 


O t" LO O t>- O O O XO O CO 
CO rH iH iH iH Cl r — I O CO Cl i — i 


HI 00 o Cl Hi CO xq H »q oq o t-- to Hi_ o 
id co’ to' cO Hi Hi Hi" cd xn CO O o H< rH cO 


OOOOOOCOOOCOO OCOOOOOOOOOCOOOOO' 


tc OOGCtOOCOtOOOOO OCOtOOOOOOOOOOOOO 


iOOtOOOOCOOO ooooooooooooocpo 


CM 

CM 




Hj 


05 ^ O " 
•r* S'? to i 


Po 


02 6 


9 g 




1-^ 

+ ® + 

y 4i ^ 

3 d Cl CM 1 I 
"o Cl xo d 

^ d d 01 S 

W .u:^ Hd Ph hd 


GO 

CM 

to 

I 

HI 


nnj 
05 r 
-1-1 


<1 

§ § 

'» .i 

H 2 E2 M 

H tc! p-i Q. 


^ m3 4 


^ H H 

^ r- „ , 


Hi 

3 M 03 m S 2 o 

X M og ^ HH xq 






M M 
o o 


X 1 I 

O rH rH 


^ Hi 
Cl I 


.SSS I I 


h:i pq 



TABLE 2 — ( Contimied ) 


461 


1931] 


Hamilton : Control of Apple Scab 


Pinal results averaged 
j)er twig 

Total 

lesions 

d 

^ ^ r* ^ a LO 00 1— : Cl rH C5C uc T-i O oc O r-H t- C QC CQ 

O ^ IQ iCl L'^ rl O ro eo rH IH O O'. LC CO cO: CO IC Cl 

^ rH rH tH tH rr 

P 

Max. lesions 
on one leaf 

d 

^ S ^ ^ O tH CO Cl Cl rH t- O CO CO. Ci a oc rH uc t> LC 

. OClrHrHUOi — iCli — | c^locc^ LCiH-rH Or— 'l.-^CC;oCQCt>-irs 

^ ^ 1H rr r-, 

P 

^ O CO o rH Cl O CC D- ira O t-; O cc Cl cl Cl lO rH O O O O cc O CO 

^ 5S ^ cd CO eo rH cd Cl rH d rH id d‘ id rH cd Cl QC oC id cd 

^ Cl CO rH 1 — i rH CO icC rH iH rH rH UC CC rH CC dr CC b- 

Leaves 

infected 

d ^ 'R '^l '^1 d o o o OC Cl Cl d ■ Cl cc oc cc cc cc t- cc 

[Zj rH rH CO CIQ rH Cl P P cd id cd P cd id rH cd i-i id -H rH cc cc rH cc rH 

Subsequent 

treatment 

In 

ICb 

“ CO CO CO cs CD CO C03 ?0 LO ID ID LO lo IC lo LO lO rH rf -H -H rH rH' rH rH 

jjjrHi-irHiHiHrHT—li-l Cl Cl d Cl Cl Cl Cl d 

In 

Grli 

d OOCOcoOOOO rH-^rHrHrHrHrHrHrH 00 = 00000 

Cl d Cl cq Cl Cl Cl Cl ci 

P • 

'S ^ 

^ oooooooo ooooooooo oooooooo 

w 

Inoculation 

cliainber 

Period 

in 

“ d Cl Cl d Cl Cl Cl Cl LO ID ID IDS LO lO lo lO ID rH rH rH rH rH rH' rH rH 

^ L'- L'- L-^ !>• t- t>- ICO CO CO O CO CO CO O CO CO CO CC CO CO CO CO 

S 

ri ocoooioooo oooOooooo 000000.00 

rH rH rH rH rH i — 1 r—i rH rH rH rH i — i rH rH rH rH rH rr rH rr i-r. rr rH rH 


re 

OJ 




V2 

Zj 


02 


i 


o 

ir?i 

I 

00 


00 

CSI 

I 

05 


3 I 1 (M cq ira | 
© rH 

S o (M Ol 

-.oOOqq 
rt o M CM 0:i Cl . 

P M pq ^ Hi Hi] 


I 

Tj< 




ITj 


DC 

X § 

_S I 


+ + 




S? -i3 o k/ O' O' 

‘S g J § d ® 

o P: ;:q ri c d Lo.ci 


ra p 


o d ^.ci 

^ o - 

o oj P M I 


X ^ Cl Cl Cl ■ 




TABLE 2 — (Coiitimied) 


Phytopathology 


[VoL. 21 


il s ^ 


O CM tH o ! 

O 1 -H rH 1 — i 


OiralMOSi— Hlr-iHOOCO 
OrHrHiH'^rH COt>. 


r-i O ^ 

^ O Iz 00 O O (M O 
ca 1— I (M 


incoiococDotou:)': 


o o CO o 

00 xH 00 I-H rH 


CO CO i>- cq CO 

CO o o' CM ci 


cq CO o o co iq LO »q iq 

LO rA rH (M 00 (M o' Co‘ 


LQ CO CO CO 
LO co' HH iH cm’ 


rd " OJ 

ot: g io .2 K- 

'CCJ'Sg’E i o<= = ^< 
- s =£: ft W 


□OQOOOCiOcaOooOOOOQO 


UO iro lO utl ko UO LO lO lo 



TABLE 2 — (Continued) 


463 


1931] Hamilton : Control op Apple Scab 


Einal results averaged 
per twig 

Total 

lesions 

o' 

^ OM^OOlQOCOOCO'TtH O'^ 00 1, lOO 0001—1 CD OxfH 

. OCO'T^ OiHCMcO OCMt^COOQOCDTH 05 tH OdD 

r— IrH 1 — IrHi— HiHrH i— i 

Pcj 

Max. lesions 
on one leaf 

6 

(2i OfOt'^mOOcOcOlOt'- Oi— iCOrH005b-'T^<Oc;i— i-^o Orf! 

. OCJ5mrH Oi— I xHCD 000'^lQCvTt>TH CCCD OqO 

rHrH ^rHiHrHr-iTH r^: ^ 

Q CD 0_ O (TO CC DO LO kn ID O O O t> CO CD O ^ O O O fO xli UC5 LD O 

^ tH C30' 00* CM* IQ rH o' O* CD* IQ IQ CO* O IQ CO* t'~' Vo’ O* o’ O 00* rH O 

^ 00 t'- rdS rH 00 CO CC CO CO LQ »Q Tji (M IQ CM ^ Tf( 

Leaves 

infected 

d O O CO O O IQ O IQ l>- 04 CO b- O O O ec O o CO C30 O rH LQ 

^ CO CO* CM pH pH p:H CM rH (M pH* ■ tH CO* 1.0 IQ* CO rH* o’ O* O* CO Tin cO* 

Subsequent 

treatment 

^ o 

M ^ 

CQ 

,Ph O O >Q O IQ O O IQ O kO O O O O O'O OOOOOOO Oo 

y pH tH rH iH CM (M Ql CM CM CM 

In 

Grli 

” OOOOOOOOOO OOOcdOOOOOOOOO Oo 

w 

Period 
in Grilih 
before 
fung. 
applied 

*2 OOOOOOOOOO ooooooooooooo Oo 

w 

Inoculation 

eliamber 

S3 

S C>0CCCl00000C4C4C<|Ol(M IQkQkQlQlQlQlQkQUQLQLQkQlQ OOOO 

Temp. 

r-^ IQlQkQlQlQkQkQkQlQlQ OOOOOOOOOOOOO OO 

^ rH pH rH ■ rH rHi — lpHTHpHrHrHrHr-1 i-HrH 

CO 

*o 

’Sd 

s 

rci 

d 

qT 

4-» 

ui 

»r 

o 

Qi 

m 

Series 10, 3-12-28 

Untreated 

Kolotex 

( { 

L-S 1-40 + AL 1-50 

C f 

Untreated 

Kolotex 

( ( 

L-S 1-40 4- AL 1-50 

i ( 

Series 11, 4-7-28 

Untreated , 

Super sulfodiist 

( t 

Kolodust 

( c 

Kolotex 

( i 

L-S 1-40 

i ( 

L-S 1 40 + AL 1-50 

I i 

AL 1-50 

i c 

Series 12, 4-26-28 

Untreated 

Kolodust 



TABLE 2 — {Cojitimied) 


464 


Phytopathology 


[VoL. 21 



r-H ^ 

43 c 

A 'S 

cc o 



o 

X ^ 

q 

X S 

Max. lesions 
on one leaf 

S 

Leaves 

infected 

1 1 
^ 43 

.-H ^ 

£ 

In 

Grh 

Period 
in GrliiJ 
before 
fling, 
applied 

c 

;43 s 

Period 

ill 

S 5 
c q 
s ^ 

M 

s 


o O C'] m 


o iq 1C OO 

[z; a CQ 1C 


□C 00 O* pj O CO cii-2 O 1C L-- 

QC Cl OC T— i O t" iH O CM Tl^ 

□C Ci oc oc 1C CM QO O 


CO Id CT- o oc: Oi 00 O LC 
1C 1C tJi’ CO ci o' O ^ 


iOCCOOOCOO 


; o o o o o o o s 


OOOOOOOOOC 


O cc 1C O O O O CO 
ci CO CO* oo' lo (J3 to !>■ 
Pi to <M xH CM 


1C o o CO o q q q 

TijH LC CO Tji CO CO ci 


oooooooo 


LC LC LC 1C LC 1C LC 1C LC 1C 


1C LC lo 1C IC 1C 1C ic 


5tt c ^ 


Series 15,<i 6-17-29 

A ITiitreated (14 spores to low power) 20 12 0 61 18 5.3 41.0 100 100 

B Untreated (1 spore to low power) 20 12 0 61 18 5.5 29.5 100 100 



1931] 


Hamilton: Control op Apple Scab 


465 




TABLE 2 — ( Contimied ) 


466 


Phytopathology 


[VoL. 21 


Final results averaged 
per twig 

Total 

lesions 

6 

CM t- 05 O O (>• C<1 lf3 rH CO O O O ID lO »0 1;- O CO t--. 

. O^Ol.'-CDOOrH 

% ^ rH H >H 

Ph 

Max. lesions 
on one leaf 

6 

(M0500Q1 OQOT*HlO(MiH'dHdDOO Ot^iHCJ^COOrOOOCD 

. rot-OOlO OCP05l0t-L0<^:lt^'^ OOJOOOOCOO'XlrHrH 

% i^rH iH H rH 

Q OfOOCPO OCClOfQiniOcOcocOO OcOt^t^ts-OlO o 

M 05 O o' cm' O* CJO" CO Ifi 1 -H tH o" O O O O OO CX O 0:i 1>- io 

rOt-~OOLn OOOtOt^lLOcOt^-rlH OOCCCJOOsOOOrHt— l 

tH t— 1 tH rH rH 

Leaves 

infected 

6 OO O CO CO O b-- O O l>- O O cq CO l>- O O O t'- fO cq O cq t"- o 

^ CM m' iri o' lo tH tH’ CO CO CO* CO* O 1.0 Ttn* th' to’ fO CM* 

Subsequent 

treatment 

6 

M M 

S CMOONO OOOOOOOOOO OOOOOOOOOOOOO 

|I} rH iH rH rH tH rH 


^ OOOOO OOOOOOOOOO ooooooooo 

w 

Period 
in Grixb 
before 
fung. 
applied 

^ OOOoO OOOOOOOCiOO 050500005030205 

JjH CM CM IM CM CM CM 03 Ol C^^ CM (M CM CM CM CM (M CM 01 CM 

Inoculation 

chamber 

Period 

in 

“ lOtCtCOtCLO COeOCOCOCOCOOOCOCOCO O0C50O0[X)O0CXlCX)C30O0 

cococococo l-OkOUOlOlOtOtOLOlQlO 

da 

n S S S P tn iq to to LO to to to Lo to to to to to to to to to to 

CMCMCMCMCM iHrHrHrHrHrHrHfHrHrH rHrHrHrHrHrHrHrHrH 




lO 

I 




OJ I 

o 
ro ^ 

(D 

l/2 

DO 




O 

o 

41 

03 




to 

1 

to 

1 

1 

H|!^ 





rH 

rH 

CO 

CO 






Hi 






o 

o 





■ +:: 


+ 

rH 


O 

o 

o 

02 

W 

0 

0 2 
-H ^ 

1, 

1 ;;; 

1 

tH 

1 

tH 


'3 

ci J, 

OJ rH 





H- 

0 

H 

. 

m 

CQ 

02 

m 


1-^ 

i 


pi 





o 

t 


O 

to 

1 

o 

to 

X 

rH 

1 

rH 

CO 

h^l 

<i 

<1 

Hi 

o 

O 

4- :: 

4- r 

4_ 

o 

o 

02 

t 

HH 

1 

hi 

rH 

rH 

_L. 

02 

02 

_p 

02 


hi 

<j 



TABLE 2 — {Continued) 


1931 ] 


Hamilton : Control op Apple Scab 


467 


bJD 

03 


o 

E-l CD 


S s 


OQ 

C 3 




! o 










d 


p:^ 


Ol.>-'ttiOOCOOT*lOTii 
O tH I— I CM eo 


OCCC30^CCCOCO^l>- 

o CO T -1 kr 2 iTC Tii CO 


o 

o 


o Tt^ C3S m to CM 
O CO O] T-j iH 


d 


O to 05 CQ QO to O O 

O CO CO CO O tH 


O UQ t>- CM UO CO O 

Ot010i05C005 t^O!0 


d 


O CO O CO O t>; O lO 

TjH cm’ to th id fd Th cd o' 

to CM 03 03 CO 


-O iq O lo QC 03 l>; O iQ 
o’ CO id cd to 03 dH o' C 5 
O to LO O CD 05 «>■ p LO 


o_ o o o_ p o 
o' o’ o’ cd th cd cd 

CD O O LO CD CM CO 


0 p O O O p QO O] p lo 

^ oi id 03 ' rd cd id 03 


!>. o o iq p 01 Lq o o 
cd o id td id td id td id 


00 O CDC ID ID p tq 
t'' cd cd CO 




ooooooooc 


O O 01 O 01 O 0 3 O C 03 

tH rH iH r— i 


0000000 


w OOOOOOOOO 0000000 

w 


CQ 

w 


OOOOOOOOO 

cococccocococoeoco 


CM 03 CM CM CM C 53 03 CM 03 
rHrHi— ii— IrHrHrHi— I t— ( 


O O O O O' o o 



P 


2 rH 


§3 •'5 


Ph 



0 ra 


0 ^ 
q 0 

ft 

M 



(D 




M' 




10 10 1-0 10 ic^ 10 10 ID ic:) 


oooooooooococDocaooo 


CD O CO to to to to 

Ttl 'it Tt< ''^fl tH 


d 

o 


ID 10 l-O 10 10 IC 10 10 1 


liO let) 10 10 ID LO ID ID ID 

rH r— i T— I iH t— i t— i r— ( i— I 1— 1 


ID ID' ID ID LO ^ ID 


ri 

O 

o 

’3 

'in 


P 

c3 


CO 



O 4 . 

.23 

S-l OJ tH 

O 

CQ t:; 02 



h^l 


<1 


o 


t 

rH 


O 


t 

rH 


02 01 


O 
uo ^ 
I >- 




a 

+ 

o 


t 

tH 


m 


CM 


O o 

-M tJH 

I 


■S oD 




o 

I 


o 

+ 


o 

+ 


I 


o 

1 


02 02 m 

^ ^ ^ 


05 o 
(M P O 
i CQ 
‘=5 ^ tC 
(M °C 
I OC 
ID 

P O 

SS 


o o o g o 

ID ID 1 ID 


i 


05 


O 


,4 4 <5 'C < 

_j — j — [_ 4 - + 


t.f 


o o o ^ P 

■■ ■ 




m 




02 02 02 02 02 

^ hi A A 

<: p pq <1 



468 


Phytopathology 


[VoL. 2 : 




c 2 
'k ' — ■ 
rS 

I ° 


c 3 o 


c- +-= 

O 




. 2 ^ S 

© qn S & 
S fSr^^ 


oincccoooiot~ooc ?3 

o T— I 1 — I CO cO rH iTl 


OCDOlCiO'ciiHTHi^CrjCD 
O OJ rH Tji I.Q rH W cO 


; °c 

i Ci cc 


!>- t- O t" 00 o CO CO CO 

cd O) t-' t-’ cj5 tH Qo cd cd 


lO CO IQ C-T O O 
O I:--' Ici oi I:-' rlH 


ol O 'HJ 
t>r t>-* 'H^' cd 


t>- O t- O VQ t>- CC t>- O 
cd ci cd cd o cd oi q:! 


o CO o o \ o v q 

rd rH 01 cd rH O 


; O C- O o O O 

1 Cl Cl 


Cl Cl Cl Cl Cl Cl Cl Cl Cl 


OC 00 00 00 OO 00 


o o o o 


OOOOdOOOO 


o o o o o o 


pq 

Eh 


O 


tH rH -H^ tH rH -:tl 
CO CO CO CO CO CO 


lO LQ IQ LQ 


IQ IQ IQ IQ ICO >Q IQ IQ IQ 


CD O CO O *"01 O 


&J 3 

1=1 


O 

O 




I I 

rH rH 
< 5 ^ 

4 - + 4 - 
C O o 

ITT 

’H r— I rH 

W W U2 

Ph 


05 Ph O 


tM ^ ^ 
I rH t 

LO 


n pq! 

CQ o dj o o 

IC £ p rH rH 

"3 p 02 

< 5 pq<ip:i 




o 4 - + + 


4 - 


-H Cl rH op r-i ^ 00 ^ 

g i i, I I 1 I 

QJrHrHt—irHrHrHrHrH 

|5 2 ^ 2 i 2 : 1 2 i 


I 

CO 


d 2 


^ X' ui 

^hq^q 


rH 

O o o 

rH ^ rH 

m 02 w. 

h^h^lnq 



1931 ] 


Hamilton : Control of Apple Scab 


469 


o 


PQ 


£h oj 


QJ 

bX) 


O) 

M rt 


03 

QJ QJ 

s -p 

w CD 


.!=[ O 




rt rQ 

§ rt 

o 




bJD 

fl 




■3 § li;S 


d 






CO 00 rH 

0 00 CO 00 0 

0 in m rH IjO 

P 

0 01 0 m l>- rH rH co 

0 m m 10 03 CO rH CO 
rH 

0 X CO 0 0 X Cl t- 
O' rH 






d 





^25 

rH 00 LO 

0 rH 0 CO 0 

0 b~ 0 CM rH 
rH rH 

coinooocooaco 

0 C 5 0 0 m Cr 03 0 
rH rH 

O' Cl rH LO Cl rH X Cl 
'O' p rH P 1-i 







«o OCI 0 

0 t>- 0 0 0 

0 00 0 t>- CO t- LO 

0 CO 0 rH Ln in Cl Cl 


p cd CM 

0 0 0 oo CO 

0 t- 0 cq rH 
rH rH 

o' icj 0 td cq 0 oc X 

0 05 0 0 UO t- Cl 'w 
rH rH 

rH P in rH r— ( p rH 

0 

0 t- CO 

0 0 CO 00 (M 

CO CO tr 0 0 tr C 3 0 

7 

0 

8 

6 

5 

.5 

7 

.8 

52; 

tH rH p" 

uo m CO CO CM 

0 lo rH 0 rH rH cG O' 

rH Cl P Cl P. 0 0 rH 

P 

w 

00 00 GO 

00 00 00 CO 00 

0 0 CO 0 Cl Cl X X 
f—{ P, P. P 

m 'O 0 rH 0 Lo in in 

Hrs. 

000 

00000 

00000000 

HHOOOrHrHrHrH 

Cl Cl Cl 01 Cl 

CO 

w 

rH rH rH 
iH T— 1 rH 

0 0 0 0 0 

00000000 

CO X CO CO CC X CO CO 

00000000 

CO 

w 

rH rH rH 

CO CO CO 

00 CX) CO 00 CO 
rH rH rH rH rH 

m m in lc lo m m in 
tH rH rH rH rH rH rH rH 

0 0 'O 0 0 0 0 0 

0 0 000000 

d 

0 

to CO 0 
rH rH rH 

0 CO 0 CO 0 
p rH rH rH rH 

in un m in in m m 0 

t-HPt — irHPrHrrp 

0 0 0 0 0 0 0 0 

PPPppHPrH 

( 


S 

.3 

■§ 

O 

O 


Cjl 

CD 

I 


00 

N 


o 

CO 




LO 
CM 

O 1—1 tH ^ 
m P 


^ QH 02 CC C/2 


CD 

Cjl 

C50 

CO 

5 

03 

s 

u 

(D 


O r-. O C 


I 

rH 

+ - 

03 2 

■p T 

|ri 

Pl-^ 


L'O y 

<j <; 
+ + 


il.. 

J 02 02 

\ 


<i3<^ 

3 O O 
J rH rH 
! 1 
i P. P 

02 02 


O o ^ 'S ^ rP 

<; <3 <; < <I Q ^ 

4- 4. -f T — h 4. 

■p =a) rr O o LO -r 

rH 'f C31 ^ 

1 . t, i, j P 


iTt 


02 02 02 02 02 :f2 :3 



470 


Phytopathology 


[VoL. 21 


5 t>- I— i fc Cl 00 


C 5 O (M I— I O 


! rC rH LQ rH O t- 


03 CD « fl O 


3 O iLD Lq o kq o 

H o oi CO CO TfH 


(M CO m UO CD IjO 


OO.CO O O (M lO CO o 


5 O CO M CQ O O 


Lq CO Lq i q cq cq 
LT oi tH CNl CO CO 


iq CO tq CO cq i.q CO cq 

Lo‘ Co' CO cO "ciH 


O' O O O CD o o 


LO iq tq iq lo lo 
c i o i c i 04 oi oi 


o g hjO-^ M 


pq ® ® ■ 

^ CS r^' Ph 

Eh p 2 


00 00 00 00 00 00 
■HH ^ ^ tJH Tt< Tt( 


OOOOOOOOQOOOOOC30 


lO LO LO lq lq iq LO lo 


i ■ +1^10 
I S g S g 

: 1— I ^ rH ^ TO 

iHPhPhPhP 
■; <1 <j ^ M ± 

^ + + + + + iq 
< O O o o CD 1 
i ' '>CH 

p 

I 02 02 02 02 02 ^ 


= « J I S : 

i tid "*' + ;=! i 

• ^ o , ■: 

+ lq lq + i 

§ S rH S i 

rH ^ p ^ rH j 

d ^ d ^ 

+ + + LQ + CD 

O O O I o LO 

tT 7 t'tcJ 3 


'^ 02 02 02 02 ^^02 S 



1931] 


Hamilton : Control of Apple S 


CAB 


471 


bC 

oj 


^ o 
H OJ 


-S O) 

M ' — ' 

CD qj 

o 

cd pj 
^ O 


CD *13 


ri 


u5 ^ 


^ 0 




CM 00 to 


T|H CJj k-O CM 
(M (M Tin CO 


O O (M 

O O CO OCi 


OOOOOT^HrtlCMCTjCOlCO 
O lO cm r-i 'CM 


O O O O 

iH CO tH lO 


O o (M t- 
O O rA 


O CO O O O CO O LO O O M 
1-1 Qo' o o' O r-? LO o' cri in 


in IQ o o 
CO IQ o’ o* 


o CO (M CO O 

fzj Qi cd 


(M CO CX) IQ 
CO cd CO 


O O O O O O t- IQ O CO C>1 
rlH <0 ,0* o’ CM t-4 o’ 1 -i c-i CM* 


O LQ O o 
"id C'l o' o* 


w 


w 


CM CM (M CM 0.1 o O O O C 


IQ IQ IQ IQ 


Q 


rq 

hP 

w 

<>1 


o! £ O 

o T; 2 hc.M 

CD Qj pi 2 

pH .3 ^ 


O 

Ph 


C30 CX: 00 oc OG OC- (30 CO CO CSC CO 
Cl (M (M (M Cl (Cl Cl (M Cl Cl Cl 


pH 

s 

H 


IQ IQ IQ IQ 


l> b- t>- b- t- b- b- t'- 


•S 


o 


P >P 




4 h::! 

c- 


02 Zu 

•S t 

Jh rH 
<D 

02 OQ 

hp 


^ in 

Q.o 

hP “ ra 

+ + + 
0^0 

rH rH 

02 07 02 
hPhPhP 


O Cl 
IQ <=> 

^ : 

W ZJ2 
<< 
+ 4- 


•S P I i 

U O rH tH r-i 

<L> H 

M -*^02 02 02 

P i-P i-P hP 


Cl “HH 

O O O 

T 

^Q.Q, 

hP tc' (3C* 

< ^ 

-}- 4- + o 
O' o 


Jrt 0^0 — 

1 -StTt rS' 

fH 0) rH ^ rH r-( ' 

0 w 

02 ;:z;- 02 02 ^ 

tSnPhi; jkPO 


X 

ctl 


+ -4 

Cl Cl 

O 'O 
Cl Cl 

b:i hP 


0 IH 

05 -gcC 
Miii 



472 


P HTTOPATHOIiOGY 


[VOL. 21 





1931] 


Hamilton ; Control op Apple Scab 


473 



^ Exj)lanatioii of aTjbreviations used in the table follows (for more details see p. 446) : 
t^ulpJmr dusts 

Oxidized sulphur = Sublimed sulphur x>lus potassium permanganate and a catalyst. 
Precipitated sulphur = Derived from aerated lime sulphur. 

Bentonite-sulphur = Sulidiur fused with bentonite. 
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Explanation of abbreviations [Continued) 


Sulphur spray 

L-S = Commereial liquid lime suljiliiir. 

Arsenicals 

AL Commercial powdered arsenate of lead. 
CA = Cominercial pow’dered arsenate of lime. 
Copp e r f u n gi ci des 

BM = Bordeaux mixture. 

C-L-Ars. Copper-lime-lead arsenate. 
Emulsified oil sprays 

^ Emulsified oils. 

L205 = L20 plus a form of siilpbur. 

M ercurial comp oun ds 


i Proprietary organic ethyl mercury chloride eompoimds. 

117 1 

117^' Proprietary organic hexainetliTlene bichloride of mercury comiroiinds. 
117^ I 


11S = A pure monobasic mercurial compound. 
Other materials 


AS = Aluminum sulphate. 

Kayso = Casein lime. 

b Grh = Greenhouse. IC = Inoculation chamber. 

c Neutral sodium soft soap (20th Century Soap). 

d Abundance of the ascosporic inoculum -was observed by microscopic examination of 
Petri plates exposed in representative situations in the chamber. The data 
refer to the approximate number of spores per low-power field of the micro- 
scope. The capital letters A and B differentiate the trees with respect to tlie 
amount of inoculum they received as indicated in the controls. 

e Trees were given 12 hours in inoculation chamber immediately after treatment. 

f The dusted trees were sprinkled with distilled water and then given moist treat- 
ment as in 

e The treated trees were sprinkled with distilled w^ater 2 and 4 hours^ respectively, 
after putting in inoculation chamber. 

Neutral potassium soft soap (XXX Cork Tile Soap). 
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periods of 48 and 81 hours at 6° C. in the moist chamber. Lime-sulphur 
preparations were the most effective in this inhibition. According to 
Greane^^ (26), who worked with certain cereal rusts, the length of time 
after inoculation during which control can be obtained with Kolodnst is 
short and varies with the temperature, the period being from 10 hours 
at 10° to 12° C. to 5 hours at 22° to 24° C. 

The present writer obtained excellent control of apple scab when treat- 
ments, particularly the sprays containing lime sulphur, followed soon after 
infection periods. Considerable differences were found in the eftectiveness 
of the various fungicides when applied after inoculation. Sprays contain- 
ing lime-sulphur were distinctly more effective than treatments of sulphur 
dusts (whether finely ground, sublimed, activated or containing arsenate 
of lead), wettable sulphur sprays, calcium monosulphide, Bordeaux mix- 
ture, emulsified oils with or without a sulphur fungicide, and certain pro- 
prietary mercurial compounds (Table 1, Ser. 6-15, and Table 2, Ser. 1-4, 
7, 10, 11, 17, 18, 34, 36, 38). The greater toxicity exhibited by the sprays 
containing lime sulphur as compared with these other fungicides was de- 
pendent apparently neither on temperature within the range of 5° to 23° C. 
nor on the presence of high humidity after application. It appears that 
sulphur-arsenate dust, 90-10, offered little control when applied later than 
12 hours following inoculations unless the application was followed by a 
moist treatment (Table 1, Ser. 6-15). Sprays containing lime sulphur, 
especially lime sulphur 1-40 plus arsenate of lead 1-50, gave good control 
when the application was made after infection periods ranging from 30 
to 72 hours, and in some cases even longer (Table 1, Ser. 6-15; Table 2, 
Ser. 1-4, 7-11, 17-36; and Table 3, Ser. 3, 4). Lime sulphnr-alimiiniun 
sulphate mixture was the most effective spray tested (Table 2, Ser. 8, 18, 
19, 28) . Lime sulphur 1-40 was not quite so effective as lime sulphur 1-40 
plus arsenate of lead 1-50 (Table 2, Ser. 2, 7, 8, 11, 18, 19, 24, 31-35). 
This difference was decidedly more marked when a period in the moist 
chamber followed the application of the sprays. The results (Table 2, 
Ser. 24, 25) seem to be in general accord with field evidence that 1-40 is a 
satisfactory dilution for the lime-sulphur concentrate in apple-scab control. 
Under these conditions, there seemed to he no significant difference in fun- 
gicidal effectiveness attributable to their various physical states be- 
tween the several wettable sulphur pastes or finely ground sulpliiir 
preparations and the less finely divided sulphur products (Table 1, Ser. 14, 
15, and Table 2, Ser. 1, 2, 4, 5, 11, 13, 14, 16, 37). The amount of control 
obtained with precipitated lime sulphur appeared to be equal to that ob- 
tained with certain sulphur dusts and wettable sulphur pastes (Table 1 , 
Ser. 14, 15, and Table 2, Ser. 5, 16). There is evidence that the wettable 
particulate sulphur pastes, which are by-produsts in the purification of 
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natural g'aSj contained a component other than sulphur, the toxic effect 
of which is increased in the presence of moisture. Calcium monosulphide, 
applied after infection periods of from 28 to 53 hours at 15 to 20 C., 

did not seem quite so toxic as lime sulphur 1-40 (Table 2, &er. 9, 1/, 18, 
34). (Hurt and Schneiderhan (28).) 

Bordeaux mixture, applied after infection periods of from 46 to 72 
hours at 10° to 23° C., gave more consistent and better control than certain 
sulphur dusts and finely divided sulphur sprays (Table 2, Ser. 1-3). 
Emulsified oils, L202 and L20, appear to have fungicidal properties, al- 
though these may vary with the breaking point of the emulsion and with 
other factors (Table 2, Ser. 1, 3, 4, 38-40). L205, an emulsified oil con- 

taining a form of sulphur, did not appear to offer so good control as the 
sprays containing lime sulphur, although it seemed more toxic than oil 
emulsion alone, certain sulphur dusts and wettable sulphur sprays, and 
Bordeaux mixture (Table 2, Ser. 1-4, 38). Proprietary mercurial com- 
pounds, K-l-CB, K-l-GB, and 117E may be quite effective when applied 
35 to 94 hours after inoculation (Table 2, Ser. 7, 17). K-l-CB is more 
effective than K-l-GB (Table 2, Ser. 7). In K-l-CB the toxic material 
is more soluble and volatile than in K-l-GB. K-l-CB, 117, 117C, 117E, 
and 118 (Table 2, Ser. 34, 38-40) decidedly increase the effectiveness of 
oil emulsion, L20, under these conditions and appear to -warrant further 
investigations as fungicides for oil emulsions. 

Kolodnst, lime sulphur 1-40 plus arsenate of lead 1-50, and lime sul- 
phur 1-40, applied 12, 46, and 32 hours, respectively, after inoculation be- 
gan, show that the quantity of ascosporic inoculum was an important factor 
iu the effectiveness of the sulphur fungicides (Table 2, Ser. 15, 22, 23). 
Further data of the same general trend appear in the other series in table 2. 

The question arises as to the feasibility of applying fungicides after 
infection periods in the field. Since no orchard spraying experiments were 
included in the present investigation this point can not be discussed in 
detail. However, it may be recorded that unpublished results made avail- 
able to the wuiter by Keitt and Wilson are in conformity with tliose ob- 
tained in the greenhouse and shoAv striking effectiveness of lime sulphur 
plus lead arsenate in controlling apple scab w4ien applied soon after an 
infection period. From the evidence at hand it would appear that prompt 
spraying with lime sulphur and lead arsenate after critical infection 
periods should be of much value in emergency situations in which the trees 
have not been adequately protected during such periods. 

RELATION OP TEMPERATURE TO THE EFFECTIVENESS OP SULPHUR FUNGICIDES 

Considerable theoretical and practical interest attaches to the relation 
of temperature to the fungicidal action of sulphur preparations, Mares 
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(33) wrote tliat sulphur will destroy the powTlery mildew of the grape 
wherever the sulphur touches it, provided the temperature is not below 
20° C. Doran (10) concluded that the toxicity of the sulphur to fungi 
increases with rise of temperature and length of time of exposure. He 
reported that sulphur dust was toxic to the conidia of Veniuria imequaUs 
when the temperature remained at 26° C. for hve hours. Butler (7) con- 
sidered that temperature w^as an important factor in the etfectiveness of 
sulphur in the control of snapdragon rust. He reported that sulphur was 
quite ineffective at temperatures below' 15° C. Tisdale (52) stated that 
the toxicity of colloidal sulphur (prepared from sulphur dioxide and 
hydrogen sulphide) to Botrytis cinerea Pers. w'as greater at the higher 
temperatures tested. According to Butler and Doran (8), the toxicity 
of lime-sulphur solution depends on the temperature preceding spore ger- 
mination. Goodwin and Martin (24) found that the amount of a volatile 
sulphur derivative formed from sulphur increased with a rise in tempera- 
ture when tested by a copper-foil method. How^ever, these tests w^ere 
feasible only at comparatively high temperatures. In a later paper Good- 
win and Martin (25) offered evidence to indicate that the production of 
gaseous sulphur at ordinary temperatures w'as insuffieient to be effective 
against the conidia of Sphaerotlieca lumndi (DC.) Burr and Erysipke 
graminis DC., although sulphur is known to be toxic to these two fungi. 
They found, how^ever, that the gall mite, Eriopliyses rihis, W'as affected by 
the traces of sulphur volatilized at ordinary temperatures. It is evident 
from the data of Keitt and Jones (29) that various sulphur treatments 
including sulphur dust alone were effective against F. mmqualis at 6° C. 
Greaney (26) found that a temperature as low' as 12° C. had very little 
influence upon the effectiveness of sulphur dust when applied before in- 
fection in the control of some cereal rusts but reported that the length of 
time during which control could be obtained when applications w'ere made 
after inoculation varied with the temperature. At temperatures of 10° 
to 12° C. sulphur prevented any serious infection when applied 10 hours 
after inoculation, while at the higher temperatures, 22° to 24° C., it w^as 
equally effective when applied 5 hours after inoeulation. The increased 
period of effectiveness at the lower temperatures w^as accounted for by 
the slow^er development of the rust fungus in that environment rather than 
by an increase in activity of the sulphur. As the result of an investigation 
of the control of browm rot of peaches in storage with Koppers sulphur 
dust, Smith (48) reported that definite fungicidal action w'as exerted by 
sulphur at 40° F. Howwer, he obtained no control of browm rot at tem- 
peratures of 65° F. and above. The relation of temperature to the growdh 
of the pathogene should be considered in interpreting these results. 



TABLJ^ 3. — delations of temperature and humidity to the cjfeativene^iH of Kolodust and sprays containiiu^ lime sulphur 
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Good control was obtained with sulphur dusts and sprays applied be- 
fore inoeulation w’hen temperatures of from 5° to 24° C, were maintaiiied 
during the infection period (Table 1, Ser. 1—5, 8, 9, 11—18 ; Table 6, ^SeI^ 
1-7; and Table 7, Ser. 1-3). Kolotex gave complete control at 2.5° C. 
(Table 1, Ser. 16) ; but, as is shown later, this may have been due in part 
to the arsenate of lead. Fungicidal applications made after infeetion show 
that temperatures within the range of from 6° to 23° C. during an infeetion 
period did not materially affect the control of Veniuria inaequuMs (Tables 
1 and 2), Temperatures of 26° C. and above, during the period following 
the discharge of ascospores, may be an important factor in the amount of 
control (Table 3, Ser. 1-4). It appears that the amount of infection ob- 
tained in the controls w^as determined by the temperature and length of 
exposure to the temperature, if this was near the upper limit of toleration 
for the fungus. It is apparent that high temperatures were more effective 
in preventing infection than in checking the organism after it had become 
well established in the host. Temperatures above 26° C. markedly in- 
hibited infeetion by V, inaeqtialis. Brief exposnres to a temperature of 
28° C. distinctly increased the effectiveness of Kolodust applied 24 hours 
after inoculation (Table 3, Ser. 1). Kolodust, applied after an infeetion 
period of 4 hours at 15° C., effected as much control in 9 hours at 28° C. 
as in 18 hours at 18° C. (Table 3, Ser. 2). It will be noted that the bene- 
ficial result of a rise in temperature on the effectiveness of sulphur dust 
was more marked when the treatment was made soon after inoculation. 
The control obtained with lime sulphur 1-40 and lime sulphur 1-40 plus 
arsenate of lead 1-50, applied 72 hours after inoeulation, was decidedly 
greater at 26° to 30° C. than at 18° C. (Table 3, Ser. 3, 4). The effective- 
ness of the spray increased markedly according to the length of the ex- 
posure to the higher temperatures. It is evident from these experiments 
that consideration must be given to the effect of temperature, not only on 
the action of the sulphur fungicide but also on the growth of the fungus 
and of the host and on the host-parasite relation. 

The minimal number of hours of continuous wetting necessary for infee- 
tion by ascospores of Tejituria inaequalis was reported by Keitt (30) as 
follows: 6 °, 15; 9°, 11; 15°, 7; 20°, 4; and 24° C., 6. 

THE RELATION OF MOISTURE TO THE EFFECTIVENESS 
OF CERTAIN FUNGICIDES 

Doran (9) reported that sulphur was noiitoxic to the urediniospores of 
Puccinia^ antirrJuni Dietl. & Hohv. when applied in water but w^as toxic 
when applied dry. Barker, Gimingham, and Wiltshire (2) observed that 
spores of Scleroimia fructigena Pers., on the outside of the film of a hang- 
ing drop, did not germinate when dry precipitated sulplmr was added to 
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tlie outside of the drop, hut spores that were wet and remained suspended 
in the center of the drop germinated well. Yossifoyiteh (64) considered 
that the action of sulphur in the control of Oidium of the vine was dimin- 
ished by humidity. Young (61), using the spores of S. cinerea with a 
hanging-drop technique, concluded that a certain water requirement was 
necessary for sulphur to be effective. Greaney (26), in a study of the 
control of some cereal rusts, found that the effectiveness of sulphur was 
greatly reduced wdien free moisture was abundant either before or after 
inoculation. The relation of moisture to the passage of a volatile substance 
across space was investigated by Goodwin and Martin (24), who made a 
quantitative estimate of the stain produced b^" the reaction of a volatile 
material from sulphur with copper. They found that the influence of 
humidity on the production of the stain was negligible, although there wns 
evidence that its formation w^as favored in the absence of moisture. 

A period of 12 hours in the moist chamber, ending 6 hours before inocu- 
lation, did not have a noticeable inliibitory effect on the fungicidal action 
of sulphur dusts and sprays applied 24 hours before inoculation (Table 1, 
Ser. 1-3, 8, 9, 11-14). Aerated lime sulphur 1-40, Koloform, Kolodust, 
and Super-sulfodust, applied 30 to 48 hours after inoculation, did not 
prevent further infection when the treated plants were placed in the moist 
chamber for 15 to 20 hours at 10"^ to 14° C. (Table 1, Ser. 14, and Table 2, 
Ser. 11, 12). However, applications of Kolodust, made following periods 
in the moist chamber of from 12 to 45 hours at 15° to 20° C., indicate that 
a moist treatment increased the amount of control (Table 2, Ser. 13—16), 
although there might be at the same time actually an increase in the amount 
of infection in treated trees. It should be noted that the controls (Table 1, 
Ser. 14, Table 2, Ser. 11, 12) w^ere in the moist chamber only during the 
infeetion period. Had they received the second moist treatment along with 
the treated trees, it is probable that more disease would have developed. 
This fact may account for what appears to have been a decrease in toxicity 
incident to subjecting the treated plants to the moist period. It is evident 
that the sulphur was not sufficiently toxic under these conditions to prevent 
further development of the fungus. The degree to which moisture effeeted 
an increase, in the toxicity of the sulphur was apparently greater when the 
application was made a comparatively short time after inoculation. A 
surplus of w^ater applied to the sulphur after the application did not tend 
niaterially to aifect its toxicity (Table 2, Ser. 15). Moist treatments, rang- 
ing from 15 hours at 5° C. to 20 hours at 10° C., folio vung fungicidal 
applications, markedly increased the effectiveness of sulplmr-arsenate dnst 
90-10 (Table 1 , Ser. 12-14) ; Kolotex (Table 2, Ser. 10, 11) ; arsenate of 
lead (Table 2, Ser. 11, 16) ; Bentonite-snlphnr 5-50 pins arsenate of lead 
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Fig, 3. Penetration of Venturia inaequalis into tlie ventral surface of Wealthy 
apple leaves in relation to the action of certain fungicides. All figures X 1016. A. Ger- 
minated ascospore after 7 hours in moist chamber at 20° C. No penetration. B. In- 
fection established after 10-hours incubation at 17° C. C. Penetration after 24-hours 
incubation at 17° C. D. Ti^pical infection of leaf treated with Kolodust after 10-hours 
inciibatioii at 17° C., followed by 14-hours moist treatment at 17° C. before fixation. 
E. Subeutieular developnient of fungus after 50-hours incubation at 20° C. Plants 
then sprayed with lime sulphur 1-40 plus arsenate of lead 1-50 and given 18-hours 
moist treatment at 20° C. F, G. Penetration from conidia after 24 and 30 hours, 
respectively, incubated at 15° C. H. An appressorium formed by a conidium after 
24-hours incubation at 15° C, 
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1-50 (Table 2, Ser. 17) ; calcium monosiiphide 10-50 plus arsenate of lead 
1-50 (Table 2, Ser. 17, 34) ; calcium monosulpliide 10-50 (Table 2, Ser. 18,' 

34) ; Ferrox sulphur paste 5—50, Thylox sulphur paste (unwashed) 5-50, 
and Gray sulphur paste 5-50 (Table 2, Ser. 13, 14) ; and stone lime 3-50 
(Table 2, Ser. 16). The fungicidal actions of lime sulphur 1-40 plus 
arsenate of lead 1-50 (Table 1, Ser. 12-14, and Table 2, Ser. 10, 11, 18-22, 
27, 35) ; lime sulphur 1-40 plus calcium arsenate 1-50 (Table 2, Ser. 18- 
21) ; and lime sulphur 1-40 (Table 1 , Ser. 14, and Table 2, Ser. 11, 18,' 19,' 

35) were also decidedly increased by similar treatments. The increased in- 
hibiting effect of lime sulphur 1-40 plus arsenate of lead 1-50, due to a 
moist treatment following its application, was dependent upon the duration 
of the treatment (Table 2, Ser. 22, 27). An increase in humidity below 
the saturation point at 26° C. or above appears to aid the sulphur dusts 
and sprays containing lime sulphur in checking the fungus (Table 3). 
Other indications of the relation of moisture to the efficiency of the various 
sprays may be found by further study of table 2. 

ITISTOLOGI gal STUDIES ON PENETRATION OF THE FUNGUS IN RELATION TO THE 
ACTION OF CERTAIN FUNGICIDES 

Studies were made of infection of leaves of potted Wealthy apple plants 
at various intervals after inoculation with conidia and ascospores of F en- 
tiiria inaequalis. The conidia were washed from abundantly sporulating 
lesions on freshly collected apple leaves and sprayed upon the experimental 
apple leaves by means of an atomizer. The ascospores ivere ejected from 
peritheeia in overwintered apple leaves directly upon susceptible leaves 
that previously had been wetted. Inoculations were made on the upper 
side only. Plants with leaves of approximately the same age and texture 
were used. Infection was accomplished in the moist chamber. Portions 
of inoenlated leaves at the desired stages of infection or after certain 
fungicidal treatments were placed in formal-acetic alcohol, and parowax 
serial sections were prepared from them. Safranin and fast green proved 
to be the most successful combination of stains tried. The safranin stained 
the fungal hyphae within the host red, and the fast green stained the cuticle 
and epidermal layer of cells of the leaf green, thus giving a striking 
contrast. 

Studies of the fixations of the conidial material supported, in general, 
the results of Keitt and Jones (29) and those of certain workers ciiioted 
by them. The well-differentiated appressorium (Fig. 3, H), considered a 
typical development before infection, was somewhat uncommon under these 
conditions as compared with the relatively short, thick germ tubes (Pig. 3, 

5 These data axe ineonsisteiit with the general trend. The period wliicli elapsed 
before the moist treatment was given appears to have been a factor. 
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F, G) that appeared to function as appressoria without the formation of 

clearly differentiated holdfasts. jSections ¥, G, and H (Fig. 3), referred 
to aboYe, were prepared from fixations made after infection periods of 24, 
30, and 24 hours, respectively, at 15° C. When ascospores were used as 
inoculum, infection was not preceded in the majority of eases by the de- 
velopment of a well-differentiated appressorium. This was especially true 
if the spores became situated on susceptible leaf surface. Modifications of 
the germ tube have been noticed in cases where for some reason the germ 
tube did not originate or develop near the leaf surface but came in contact 
with it some distance from the spore. The ascospore itself (Fig. 3, A, B, 
C, D) may function as an appressorium from which an infection liyplia 
may penetrate directly into the cuticle, as reported by Keitt and Jones 
(29). However, it is not uncommon to find comparatively short, thick 
germ tubes (Fig. 3, A, B, D) which probably function as holdfasts. As 
pointed out by Keitt and Jones (29), this type of infection is important 
in relation to the effectiveness of fungicides, as it shortens the time neces- 
sary for infection and reduces the area exposed to the action of a toxic 
agent before infection occurs. Sections (Pig. 3, A, B, C), made after in- 
fection periods of 7, 10, and 24 hours, respectively, at 17° C., show the 
different stages of infection under these conditions. Penetration was not 
observed for an infection period of less than 10 hours. It is evident from 
a comparison of B and D (Pig. 3) that Kolodust, applied after an infection 
period of 10 hours, was ineffective when the application was followed by 
a period in the moist chamber of 14 hours at 17° C. The stage of infection 
shown in figure 3, D, is as far advanced as that of figure 3, C, in which 
no siilplinr dust was applied. Figure 3, B, shows a stage of infection 
following a period of 50 hours at 20° C. in the moist chamber after in- 
oculation began. Lime sulphur 1-40 pins arsenate of lead 1-50, applied 
at this time and followed by a moist treatment of 18 hours, gave good 
control. 

DISCUSSION 

It w^oiild seem from the data that have been presented that sulphur 
dusts gave an initial control as great as that of the sprays when applied 
before inoculation and left in place. It is apparent, as found by Keitt 
and Jones (29), that the various sulphur treatments wuth or without 
arsenate of lead are effective at a temperature as low as 6° C. This ac- 
cords with their field data and with the results of others who have obtained 
satisfactory control of apple scab at comparatively low temperatures in 
the spring. It is against the view of those investigators who have main- 
tained that finely divided sulphur is not effective at these low temperatures. 
It is evident that the subjection of a snlphnred plant to a period in the 
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moist chamber before inoculation has no inhibitory effect on the fungicidal 
action of sulphur provided there is no washing action, and that, if moisture 
or water is an essential for sulphur to be effective, there w^as a sufficient 
quantity available during the infection periods. 

The data show that it is possible to control Yentiiria inaequalis soon 
after infection by applying certain fungicides, notably sprays containing 
lime sulphur. Other sprays and dusts tested are niarkedl^^ less effective. 
Sprays containing lime sulphur have repeatedly given control when applied 
after intervals ranging from 30 to 72 hours or even longer after inocula- 
tion, while sulphur-arsenate dust has not been so eJffective after 12 hours. 
Histological evidence would indicate that sulphur dust had no appreciable 
effect on Y. inaequalis after infection was established, while lime sulphur 
plus arsenate of lead was effective after considerable subcuticular develop- 
ment of the fungus. Temperature is apparently an important factor in the 
inhibition of the fungus (through its relationship to host and parasite) and 
in the amount of control effected by the sulphur fungicide. Moisture, in 
part, determines the maximum control obtainable with the use of many 
fungicides, particularly those containing an arsenical compound. From the 
evidence at hand it would appear that prompt sprajdng with lime sulphur 
and lead arsenate after critical infection periods should be of much value 
in emergency situations in which the trees are not adequately protected 
during such periods. 

OTHER STUDIES CONCERNING THE EFFECTIVENESS OF CERTAIN FUNGICIDES 

During the course of these studies it has not been feasible to make more 
than an exploratory investigation of some factors which bear upon the 
control obtained with certain fungicides A brief record of the results of 
this phase of the investigation follows. 

Time required for sprays containing lime sulphur and Kolodust to he 
effective when applied after inoculation. The nature of fungicidal effec- 
tiveness and the time required for toxicity to be exhibited are of material 
significance in the evaluation of a spray or dust. The toxicity of a fungi- 
cide is generally expressed as a killing or an inhibitory action. A consider- 
ation of the latter phase of toxicity involves the cpiestion as to whether 
the fungus is continuously held in check b^^ the fungicide or only inhibited 
long enough for the host to outgrow it or become resistant to its invasion. 
The time required for sulphur to be effective when applied after an infec- 
tion period of 4 hours was determined, at least in part, by the temperature 
that followed the application (Table 3, Ser. 2). While Kolodust may re- 
quire 18 hours to be effective at a temperature of 18° C., it may exhibit 
the same degree of toxicity in 9 hours at 28° C. The aiiiount of infection 
on the control for the 28° C. treatment was markedly reduced as compared 
to that of the control held at 18° C. 
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Lime sulpliiir 1-40 g:ave control if it remained on the foliage for a period 
of 10 minutes at 16 C., when applied following periods of 3 and 9 hours, 
respectively, after inoculation (Table 4, Ser. 2). Although the trees were 
given a thorough washing with a spray of water, it is possible that the 
foliage or the spores still retained some of the lime sulphur. The trees were 
kept in the moist chamber from the time of inoculation to that of washing, 
thereby preventing the drying of the lime sulphur. Considerable infection 
occurred when lime sulphur 1-40, applied at the end of an infection period 
of 48 hours at 16° C., was washed off after 4"| hours in the moist chamber 
(Table 2, Ser. 25, 26). It required about 8 hours in the moist chamber 
for maximum effectiveness to be exhibited under these conditions. Lime 
sulphur 1-40 plus arsenate of lead 1-50, applied after an infection period 
of 75 hours, did not fully inhibit the fungus ^fter a moist treatment of 18 
hours (Table 2, Ser. 27). Lime sulphur 1-40 plus arsenate of lead 1-50, 
applied 72 hours after inoculation, gave very poor control when the trees 
were incubated at 18° C. immediately following treatment (Table 3, Ser. 4). 
Excellent control was obtained, however, when the treated trees were incu- 
bated at 30° C. for 18 hours before removal to the lower temperature. The 
effect of a somewhat similar high-temperature treatment on a control wms 
no less striking. It is evident that the time required for the maximum 
amount of control to be exhibited by sulphur fungicides under these con- 
ditions is markedly influenced by temperature. 

Little infection occurred even in the case of the control when inoculated 
foliage was washed at the time of inoculation or shortly after (Table 4, 
Ser. 1). Inoculated trees exposed 2 hours in the moist chamber had nearly 
all of the spores removed by washing, although the leaves were allowed to 
dry 1 hour before they were washed (Table 4, Ser. 2). It is evident that 
after 3 hours or longer in the moist chamber, washing removed decidedly 
fewer spores. In the case of a heavier inoculation more spores adhered, 
though the general trend was the same (Table 4, Ser. 3). The spores were 
more adhesive when the leaves were dried 1 hour before washing (Table 4, 
Ser. 3). It would seem to follow^ that at about this time appressoria or 
attachments had developed. Prom these and other data it appears that 
the length of time after inoculation during wdiich the spores may be washed 
off is variable. This probably is because of variations in the position of 
the spores in relation to the leaf surface, the condition of the spores, the 
type of foliage, and other environmental conditions. 

Belation of the rate of drying of lime sulphur plus WTsenadS' of lead 
spray to its effectiveness. In tests with the conidia of Yent-ima inaequaUs 
in the laboratory, Doran (10) found that when lime-sulphur sprays were 
dried rapidly, iindecoinposed polysulphides were present and spore germi- 
nation was prevented. However, if desiccation was slow, the poHsulphides 
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were completely decomposed and the preparations were only sligiitly toxic 
or nontoxie under the conditions of his experiments. Butler and Doran 
(8) reported that sulphides were absent from lime sulphur 1~40, which had 
been held in a moist chamber at room temperature 3-|- hours. High humid- 
ity, which checked evaporation, hastened decomposition. 

The data of table 2 (Ser. 28, 29) are in agreement with Doran’s report 
in that there was reduced eifectiveness with slow drying. The treatments 
were made following periods of 66 to 72 hours, respectively, in the moist 
chamber after inoculation began. Lime sulphur 1-40 plus arsenate of lead 
1-50, dried with a fan after application, showed increased effectiveness as 
compared with similar treatments allowed to dry in the greenhouse or kept 
in the moist chamber a short time after application. Incubation of the 
treated trees in the moist chamber at 10° C. for 2 to 4 hours apparently 
inhibited the toxic action. It appears, therefore, that the amount of mois- 
ture or humidity present diiring the early period after application of the 
spray is a factor in its effectiveness when applied after inoculation. 

Relation of alkalinity to the initial effectiveness of the sprays containing 
lime sulphur. Foreman (12) concluded that free ‘‘alkali soda” is the 
most potent fungicidal agent of liver of sulphur. Eyre and Salmon (11) 
were unable to substantiate this contention. They found a solution con- 
taining 0.5 per cent caustic soda plus 1 per cent soft soap to be nonfungi- 
cidal against Sphaerotheca humuli. Barker, Gimingham, and Wiltshire 
(2) reported that it is not the alkalinity of the sulphide or the polysulphides 
of sodium that gives them their toxicity, although they stated that it may 
aid the toxic action. Young (61) suggested that the initial toxicity of 
lime-sulphur mixtures may be due partly to alkalinity or free hydroxyl 
ions. He reported the alkalinity of 1 part of lime sulphur diluted with 6 
parts of water to be above pH 10. The data of Young (61) show that there 
was almost no germination for S. cinerea at pH 7.4 in a buffered mixture. 
He reported that the lime sulphur 1-6 changes from pH 10 to pH 6.4 in 2 
hours if exposed to air, but may not change below pH 10 for 6 liours or 
longer if kept moist. 

Sodium hydroxide, N/10 solution (Table 2, Ser. 12, 25, 28) and sodium 
hydroxide N/14 solution (Table 2, Ser. 16, 25) were strikingly effective 
and compared favorably with sprays containing lime sulphur when applied 
16 to 66 hours after inoculation began. A moist treatment of 18 hours did 
not significantly affect the amount of control exhibited by sodium hydroxide 
N/10 solution (Table 2, Ser. 12). It is apparent that, at least as far as 
the effectiveness of lime sulphur applied after inoculation is concerned, 
alkalinity is probably an important factor in its toxicity. 

Eelation of the addition of lime to the effectiveness of certain sulphur 
fungicides. Swingle (49) reported that in storage varying quantities of 
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ealeiim arsenate are formed in different sulplmr-lead- arsenate-lime diisfs 
and that all the hydrated lime not reacting* with the sulphur or lead arse- 
nate is converted into calcium carbonate within one year or less. He con- 
cluded from chemical analysis that little or no change in fungicidal value 
should be expected. Reports vary as to whether or not the addition of 
lime to lime sulphur plus arsenate of lead increases or decreases its fungi- 
cidal value. As a result of a limited number of germination tests made on 
glass slides with the spores of Sclerofima fructigena and of certain field 
tests, Wallace, Blodgett, and Hesler (56) were convinced that the addition 
of lime does not affect the efficiency of lime sulphur and lime sulphur plus 
arsenate of lead solutions to any marked degree. Robinson (46) reported 
that the addition of lime to a lime sulphur-arsenate of lead solution pre- 
vented arsenic from going into solution as a soluble salt and decreased the 
loss in polysulphides, thereby preserving the fungicidal properties of the 
lime sulphur. Thatcher and Streeter (50 state that hydrated lime pre- 
vented the chemical reactions which take place when arsenate of lead is 
added to lime sulphur. In their estimation these reactions reduce the 
fungicidal efficiency of the mixture. There appears to be no doubt that 
the addition of lime to the lime-sulphur-arsenate of lead preparation reduces 
the amount of water-soluble arsenic by the production of insoluble basic 
calcium arsenate, as shown by Mogendorfi (37), Ginsburg (15), Van Der 
Meiileii and Van Leeuwen (53), and Goodwin and Martin (23). 

Hydrated or stone lime 3-50, applied as spray, 16 to 90 hours after 
inoculation and followed by moist treatments ranging from 10 to 13 hours, 
may exhibit fungicidal properties of their own under certain conditions 
(Table 2, Ser. 6, 16, 31). Indications w^ere that the effectiveness of at 
least the stone lime was dependent in part upon the moist treatment fol- 
lowing the application (Table 2, Ser. 16). Lime, whether hydrated or 
stone, exhibited for the most part comparatively little toxicity wdien 
applied as a spray before inoculation (Table 6, Ser. 8-10, and Table 7, 
Ser. 3, 4). Kolotex 8-50, applied wdth lime 3-50 as a spray after an 
infection period of 72 hours, w^as distinctly more effective than Kolotex, 
applied as a dust (Table 2, Ser. 36). The application of lime sulphur 
1-40 plus arsenate of lead 1-50 and lime 3-50, following infection periods 
of from 66 to 90 hours, would indicate that on the average the lime did 
not materially decrease the effectiveness of lime sulphur plus arsenate of 
lead (Table i Ser. 28, 30, 31). 

EelaUon of ike addiiion of arsenate of lead to the effectiveness of lime 
sulphur and certain sidpJiur dusts. Morse (39, 40, 41) found that under 
favorable circumstaiices arsenate of lead has fungicidal value for the con- 
trol of Yeniuria inaequalis under field conditions. Howuver, as shoivii by 
Pickett et al. (43), AYallace (55), Morse (41) , and Morse and Folsom (42), 
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arsenate of lead, altlioiigli exhibiting fungicidal properties, is not satislac™ 
tory as a fungicide. It wonld appear that the etfectiveiiess ot arsenate ot 
lead is dependent on the severity of the epiphytotic. Tests mad* \i\ tlio 
laboratory with Y. inaeqnalis by Shapovalov (Morse, 39), 'Wallarr, lUnY 
gett, and Hesler (56), and Bntler and Doran (8) confirmed tlie ecnudusitnis 
to be drawn from field experiments that arsenate of lead is not. inimjrleiely 
effective at the strength used in orchard spraying. 

Wallace, Blodgett, and Hesler (56) proved conclusively tliat the ndcli-* 
tioii of lead arsenate does not decrease the fiiiigieidal value ot liriio-sa!|ilinr 
solution but greatly increases it. Their tests were made in tlie labfirfitory 
with the conidia of Yeniuria inaequalis^ Sclerotinia fritciigemiy and Sphaer- 
opsis malorum Adehr., while the- field tests were conducted to control V, 
inaeqnalis and Y. pyrina Aderh. Bradley and Tartar (5) and sevi^ral otli or 
workers have determined that soluble arsenie is formed in mixtures oi‘ 
lime sulphur and acid lead arsenate. More recently it lias been r< ‘ported 
by Goodwin, Martin, and Salmon (18) that solutions of ealeinin ])oIy.snl» 
phide and lead arsenate containing 0.204 per cent arsenii'. i)(*ntoxid<‘ aia* 
fungicidal. Butler and Doran (8) conducted experinnuits on glass witli 
the spores of Y. inaeqnalis, which show that the toxic propi^rtios of liiiu*- 
sulphur solution are increased by the addition of arsenate of lead and that 
this in all probability is because of soluble arsenic. Marlnul ineiaaasf* in 
toxicity Avas obtained by the addition of arsenious oxide to tlie 1 in 40 
sulphur solution. They found that lead arsenate increases tin* toxieity of 
lime-sulphur solution decidedly more than ealciiiin arsiuiate. (loodwiiK 
Martin, and Salmon (18, 19) suggested that the increasml fiingieidal |>roj>. 
erties of the mixed lime-sulphur-lead arsenate spray are du(‘ to the |)rf‘S(‘Hee 
of calcium tliioarsenates together with calcium arsenates. Smith (47 1 
presented data to show that the excretions from leaves eontaining largt* 
qnantities of salts are significant factors in increasing tlie watm^ snlulih* 
arsenic content of sprays containing arsenical compoiinds. He found (hal 
all plants do not excrete the alkaline salts responsible for this ehangfe 44iis 
effect of alkaline salts is supported by the work of Mogionlorif CiT) mid 
others cited by him. Ginsburg (13) reported tliat apparently high lutuiid 
ity, intense sunlight, and a high temperature acting se|)arajely or log,*| |ii»r 
do not play any significant role in the liberation of water^stiluhli* arsi^idw 
Mogendorff (37) found that water-soluble arsenic was formeti wIhui lead 
arsenate and sulphur flour were stored dry for 1 year, nowevfu’, Ginshnrg 
(lo) reported that sulphur alone does not materially iiifluenrc* tin* fleerun 
position of acid-lead arsenate. 

In the present work arsenate of lead 1-50 or 2-50 was relatively ineffei* 
tive when applied before inoculation (Table 6, Ser. 8, 10). Arseiiati* of 
lead used separately as a spray after infection periods of Hi to 72 tioitrs wan 
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not strikingly effective (Table 2, Ser. 2, 3, 11, 16). Tke fniigieidal effect 
of arsenate of lead may be increased by a moist treatment after inocula- 
tion. The addition of arsenate of lead to Kolodnst (Kolotex) may show 
an actual decrease in control as compared to Kolodust alone when applied 
after an infection period of 46 hours without a subsequent moist treatment 
(Table 2, Ser. 2). However, a marked increase in effectiveness for sulphur 
dusts containing arsenate of lead occurred when moist treatments of 15 to 
20 hours followed the applications to foliage after infection periods of 
from 15 to 48 hours (Table 1, Ser. 12-14, and Table 2, Ser. 10, 11). 

The effectiveness of calcium monosulphide, when applied after infection 
periods of from 28 to 35 hours, also was increased by the addition of arse- 
nate of lead (Table 2, Ser. 9, 17, 34). The data of table 2 (Ser. 2, 7, 8, 
11, 18, 19, 24, 32-35), where all the series except 2 and 24 were given 
periods in the moist chamber of rf om 10 to 20 hours and where lime sulphur 
1-40, with and without arsenate of lead 1—50, was applied after infection 
periods of from 28 to 90 hours, show a similar trend of increased fungicidal 
effectiveness resulting from the addition of arsenate of lead. While the ad- 
dition of calcium arsenate 1-50, (Table 2, Ser. 18-21) to lime sulphur 1-40, 
60 to 82 hours after inoculation, did not increase its effectiveness as did the 
arsenate of lead, it did markedly increase the toxicity when the applicatians 
were followed by moist treatments of 8 to 12 hours. The results obtained 
from the use of basic arsenate of lead were not widely different from those 
secured with the addition of acid arsenate of lead (Table 2, Ser. 32) . How- 
ever, this test WTis too limited to be conclusive. 

From a limited series of experiments (Table 2, Ser. 32-35), conducted 
to gain evidence on the iiart played by soluble arsenic in the fungicidal 
action of lime-sulphur spray containing arsenate of lead, it appears that 
if AsyOr, is added in sufficient quantity it can increase the efficiency of the 
Iini0-suli)huf spray as much as the addition of arsenate of lead. The addi- 
tion of 0.01 per cent As.On fo snlphnr 1-4D did not increase its toxicity 
(Table 2, Ser. 32). Very little increased fungicidal action resulted when 
0.02 per cent ASoO,^ was added to lime sulphur 1-40 and applied 48 hours 
after inoculation (Table 2, Ser. 33). However, 0.02 per cent of AS.O5 was 
apparently as effective as arsenate of lead 1-50 in increasing the toxicity of 
lime sulphur 1-40, applied after an infection period of 28 hours (Table 2, 
Ser. 34). The addition of 0.03 per cent of As^Og to lime sulphur 1-^0 
was likewise as effective as arsenate of lead 1-50 in increasing the fungi- 
cidal action of lime sulphur when applied 35 hours after inoculation 
(Table 2, Ser. 35). The AsoOg, 0.03 per cent, was as effective alone as the 
lime sulphur 1-40 (Table 2, Ser. 35). There was no host injury when 0.04 
per cent As^Og was added to the lime sulphur 1-40. Unless otherwise 
stated, sterile distilled water was used in the preparation of the spray 
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materials in these experiments. AVlien alkaline water is used, less soluble 
arsenic in the spray would be expected. Table 2 (Ser. 20, 21) and other 
data tend to show that the alkalinity of the wmter used in the preparation 
of lime sulphur 1-40 plus arsenate of lead 1—50 or calcium arsenate 1— r)0 
was a factor in reducing fungicidal effectiveness when applied after iiifec- 
tion periods of from 60 to 75 hours. The spray prepared from lake water, 
about pH 8, tended to be less toxic than that made with distilled water of 
about pH 5.7. 

Relation of the addition of some spreaders and adhesive materials to the 
effectiveness of certain fungicides — Casein lime. — Thatcher and Streeter 
(50) found that the addition of casein-containing preparations effectively 
prevents the chemical change that occurs when acid lead arsenate is mixed 
with lime-sulphur solution. They reported that the data available from 
orchard experiments indicate that there is little likelihood of a reduction 
in the insecticidal and fungicidal effectiveness of the combined lead arsenate 
and lime-sulphur sprays as a result of its use. Mogendorff (37) and Gins- 
burg (15) pointed out that the addition of calcium caseinate to acid lead 
arsenate spray increases the water-soluble arsenic content. The former 
found, however, that the decomposition of the lead arsenate was greatly 
diminished and that in a complete dry mix spray the presence of tlie casein- 
lime spreader together with the lime and sulphur greatly reduces tlie aniount 
of soluble arsenic. In interpreting this he suggested that chemical, action 
is lessened by the spreader which has enveloped the arsenate of lead or 
sulphur particle, as the ease ma 3 " be. In certain tests against tlie powdery 
mildew of hops Goodwin, Martin, and Salmon (20) obtained an increase 
in the effectiveness of sulphur -with the addition of casein lime. 

Kolotex 8-50 and Kayso (casein lime) i-50, applied together as a spray 
after an infection period of 72 hours, Avere somewdiat more effective tlian 
Ivolotex used alone as a dust (Table 2, Ser. 36), altliough it is doul>tl'ul 
wiiether this difference is significant. Tlie addition of Kayso 1-50 l:o lime 
sulphur 1-40 plus arsenate of lead 1-50 seemed to increase the (‘ffet't iv(oiess 

when applied 72 to 90 hours after inoculation began (Table 2, ^Sei*. 29 31 u 

Lime sulphur plus Kayso plus arsenate of lead aiipeared to hi* cDusisliMil !y 
superior in varying degrees to lime sulphur plus arsenate of lead and more 
effective than mixtures prepared in the following order: lime siii})liur phis 
arsenate of lead plus Kayso and Kayso pins arsenate, of lead plus lime 
sulphur. 

Emulsified OiP 

The possible value of emulsified oil as an orchard spray lias been iiivies- 
tigated chiefly by entomologists. A noninjnrious effective iris(e'ticidal aiHl 

« Investigations relative to some limiting factors in tlie use of H;itiirate<l iietrolciiiij 
oils are reported by Kniglit, Chamberlin, ami Samuels (31). 
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fungicidal emulsified oil for summer spraying is still in the developmental 
stage. Emulsified oil L202 seemed to be comparable with Bordeaux mix- 
ture and superior to certain sulphur dusts when applied 46 to 72 hours 
after inoculation (Table 2, Ser. 1, 3, 4). However, situations may arise in 
whicli emulsified oil L20 is ineffective after infection periods of from 24 to 
30 hours (Table 2, Ser. 38-40). L205,'^ an emulsified oil containing a form 

of sulphur, applied 24 to 72 hours after inoculation, apparently did not 
offer such good control as the sprays containing lime sulphur but seemed to 
be more effective than oil emulsion alone, certain sulphur dusts, finely 
divided sulphur sprays, and Bordeaux mixture (Table 2, Ser. 1-4, 38-^0). 
L205 may not be so toxic in some instances, even when applied a compara- 
tively short time after inoculation (Table 2, Ser. 38-40). Kolodust 8-50 
(Table 2, Ser. 1, 3, 37), Kolotex 8-50 (Table 2, Ser. 4, 36), and Bentonite 
sidphur 5-50 (Table 2, Ser. 38), applied in a 2 per cent emulsified oil, 
1j202 or L20, after infection periods of 30 to 72 hours, were decidedly 
more efficient than when used alone as dusts or sprays. These combinations 
are not quite so effective in post-infection treatments as L205 but, as shown 
later, are more adhesive. K-l-CB, 117C, 117E, and 118, which are mer- 
curial compounds, may be decidedly effective as fungicides in the 2 per 
cent oil emulsion L20, when applied 24 to 30 hours after inoculation (Table 
2, Ser. 34, 38-40). 

Soft Soap 

Goodwin and Salmon (22) found that sulphur in suspension in a solu- 
tion of soft soap gives more rapid and complete control of Spkaeroiheca 
than sulphur used as a dust. Goodwin, Martin, and Salmon (20) 
are of the opinion that soft soap not only gives improved dispersion but 
increases the fungicidal action of sulphur by virtue of its alkalinity, which 
hastens the hydrolysis of the sulphur. 

Experiments were conducted in which Kolodust 8-50 [Table 2, Ser. 37), 
Kolotex 8-50 (Table 2, Ser. 36), and Bentonite sulphur 5-50 (Table 2, 
Ser. 38), respectively, were applied in a solution of 1 per cent soft soap, 
following infection periods of 48, 72, and 30 hours, respectively. The data 
show a distinct increase in effectiveness for this combination as compared 
with the sulphur dusts used alone. Soft soap is in the majority of cases 
more effective than oil emulsion in this particular kind of test. Neutral 
sodium and potassium soft soaps exhibit fungicidal properties (Table 2, 
Ser. 6, 16, 38). 

RELATION OF THE DISTRIBUTION OF CERTAIN FUNGICIDES TO 
THEIR EFFECTIVENESS 

The rate of growth of the host or the amount of unprotected susceptible 
foliage, flowers, and fruit throughout the season, under varying environ- 

7 L205 has been found to cause injury under certain conditions in the field. 
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mental conditions, is an important factor to be considered in spraying and 
dnsting programs. Inasmneli as siilplinr may be effective across space, tlie 
question arises as to the relation of degree of coverage of apple foliage to 
the amoiint of infection. 

The fimgicidal action of sulplinr across spam. That the geriuiiiation 
of spores is inhibited even when they are not in direct contact with siilpliiir 
particles has been demonstrated frequently. In the progress report of 
Barker, Gimingham, and Wiltshire (2) it was shown that sulphur could 
exercise a definite toxic influence on a living fungus spore over considerable 
distances. Young (61) attributed the inhibition of germination of fungiis 
spores to pentathionic acid, which he stated is volatile. Barker (3, 4) 
claimed to have proved conclusively that free sulphur from any of the 
ordinary forms of sulphur is dispersed through space in the form of minute 
solid particles and that this emanation is continnouKS under suitable moisture 
and temperature conditions. From further investigations Barker (4) 
reports that sulphuretted hydrogen is formed as the direct result of inter- 
action between the sulphur and the host plant or the fungus at ordinary 
temperatures. Marsh (34), w^orking in the same laboratory, concluded that 
this gas has considerable fungicidal action and that the quantity formed 
by living sulphured leaves was definitely toxic under the conditions of his 
experiments and might be a factor of importance in the greenhouse. Good- 
win and Martin (24) claimed that sulphur vaporizes and condenses as 
minute solid particles. 


TABLE 5. — The ejf eotiveness of Kolodust in controlling Wealthy apple leaf infection ly 
the ascospores of Venturia inaequalis hy fungicidal action across space 


Series and 

Inoc. chamber 

Pungicidea 

Trees 

Pinal results average 
per tree 

date 

Temp. 

Period 

in 

inoc. 

Leaves 
ill tee ted 

Lesions 
per leaf: 

1927 

°C. 

Hrs. 


No. 

No. 

No. 

Series lb 







June 17 

18 

35 

Untreated 

3 

2.7 

41.5 

( c 

18 

35 

Kolodust (8—50) 

4 

0.2 

1.2 

Series 2b 






June 19 

23 

24 

Untreated 

3 

4.0 

11.2 

( ( 

23 

24 

Kolodust (8-50) 

4 

0.5 

3.0 

1928 

Series 3c 






May 5 

10 

40 

Untreated 

3 

12.3 

17.0 

1 1 

10 

40 

Kolodust (8-50) 

4 

3.3 

3.2 


a Strips of cheeseclotli dipped in a suspension of sulphur were hung about the trees 
during the infection period in the moist chamber. Care was taken to avoid any eoiitaet 
between these strips and the trees. 

b Conidial inoculum of Venturia inaequalis from leaves in the orchard, 
c Aseosporie inoculum of Venturia inaequalis from overwintered apple leaves. 
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TABLE relation of degree of coverage of Wealthy apple foliage to 

the effectiveness of certain fungicides against infection hy the ascospores 
of Ventitria inaequalis 


Series and 

Inoc. chamber 


Pinal results averaged 
per twig 

date 

Temp. 

Period 

in 

Pungieide^ 

Leaves 

infected 

Lesions 
per leaf 


°C. 

Hrs. 


No. 

No. 

1927 

Series: li> 






June 3 0 

20 

24 

Untreated 

4.2 

56.0 

( c 

20 

24 

L-S 1-40 + AL 1-50 

0,3 

1.5 

C ( 

20 

24 

S-Ars dust 90-10 

1.0 

5,0 

Series 2b 






July I 

f f 

20 

24 

Untreated 

4.0 

70.6 

20 

24 

L-S 1-40 +AL 1-50 

0.0 

0.0 

t e 

20 

24 

S-Ars dust 90—10 

0.3 

2.0 

Series 3h> c 






July 15 

23 

24 

Untreated 

3.0 

20.3 

{ { 

23 

24 

L-S 1-40 4 AL 1-50 

0.3 

0.5 

t c 

23 

24 

S-Ars dust 90—10 

0.3 

1.3 

Series c 






July 19 

23 

24 

Untreated 

3.0 

14.7 

( t 

23 

24 

L-S 1-40 4 AL 1-50 

0.8 

1.8 

C £ 

23 

24 

S-Ars dust 90-10 

1.0 

4.3 

1928 

Series 5^i 






Mar. 22 

24 

24 

Untreated 

3,0 

70.3 

( ( 

24 

24 

L-S 1-40 4 AL 1-50 

0.0 

0.0 

( ( 

24 

24 

L-S 1-40 4 AL 1-50C 

1.0 

3.0 

C ( 

24 

24 

Kolotex 

1.0 

2.3 

( ( 

24 

24 

Kolotexc 

1.6 

4.4 

Series 6^* 






May 3 

1 c 

20 

40 

Untreated 

4.8 

51.8 

20 

40 

BM 4-4-50 

0.8 

0.9 

( c 

20 

40 

Kolodust 

0.5 

0.2 

Series 7‘i 






May 5 

c c 

10 

40 

Untreated 

4.1 

32.2 

10 

40 

BM 4-4-50 

0.8 

0.5 

( c 

10 

40 

Kolodust 

1.0 

0.8 

1929 






Series 8-:i 

Feb. 15 

c c 

20 

48 

Untreated 

3.7 

69.7 

20 

48 

Untreated^ 

3.0 

7.0 

i t 

20 

48 

BM 4-4-50f 

3.0 

1.2 

C £ 

20 

48 

BM 4-i^50s 

0.3 

0.7 

( £ 

20 

48 

Untreated® 

3.0 

21.0 

i £ 

20 

48 

Lime 4-5 0^ 

3.0 

7.3 

£ C 

20 

48 

Lime 4-5 Oe 

4.0 

53.5 

i £ 

20 

48 

Untreated® 

3.0 

10.3 

£ £ 

20 

48 

L 20 2%r 

3.0 

3.0 

i £ 

20 

48 

L20 2%e 

0.5 

3.0 

C £ 

20 

48 

AL 2-50e 

2.5 

45.0 
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TABLE 6 — {ContinMed) 


Series and 
date 1 

111 DC. cli amber 

Enngieide*^ 

Final results avtiraged 
per twig 

1 Temp. 

Period 

in 

Leaves 

infected 

Lesions 
per leaf 


°C. 

Hrs. 


No. 

No. 

Series 9^ 






Mar. P 

15 

40 

Untreated 

4.3 

76.7 

i c 

15 

4.U 

TJiitreatede 

3.5 

42.1 

( i 

15 

40 

BM 4-4-50f. h 

3.5 

ID.D 

( ( 

15 

40 

TTntreated«^ 

3.0 

54.7 

( c 

15 

40 

Stone lime 4— 5 Of 

3.0 

45.2 

Series lOd 






Apr. 2 

15 

45 

Untreated 

4.2 

85.5 

c c 

15 

45 

Untreated^ 

2.8 

19.8 


15 ' 

45 

BM 4-4-50f. h 

2.8 

3.6 

C ( 

15 

45 

Untreated^ 

3.5 

39.8 

( c 

15 

45 

Stone lime 4-5 Of 

3.5 

33.4 

i 1 

15 

45 

Stone lime 4— 50^' 

4.3 

59.0 

£ 1 

15 

45 

AL 1-5 Ok 

3.5 

38.0 


a L-S = Commereial liquid lime sulphur. AL = Commerdal powdered arseiuite of 
lead. BM- Bordeaux mixture. L20 = Emulsified oil. Three leaves were treated for 
each twig. 

b The trees were inoeulatei with eoiiidia of Veniuria inae(xualis obtained from leaves 
in the orchard. 

The treated areas were delimited by cocoa butter. 

<iThe trees were inoculated with the ascospores of Yentufia inaequalis from over- 
wintered apple leaves. i 

e One-half of the treated leaves was left as a eontrol. ^ 
f The treatments were applied to only one side of the leaf (e). 

The foliage was completely covered by treatments, 
h Stone lime was used in preparation of Bordeaux mixture. 

Trees previously inoculated with the imperfect or perfect stage of 
Venturia inaequalis were placed in the center of the moist chamber (Fig. 
1), a structure having a capacity of 130.5 eu. ft. inside the curtains. 
Within this space pieces of cheesecloth (183 sq. ft. in all) wcne suspended 
from the framework on two sides of the trees but not; touching tliimi. This 
material previously had been dipped in a water' suspension of Kolotex 8-51) 
and had taken up between 70 and 100 grams of the sulphur, fcltrips treated 
in this manner were used dry or wet. Considerable control of tlie fiiiigii.s 
was obtained (Table 5). As is to be expected, however, some infection 
occurred. This may occur in any of the experiments, for invariably a 
certain number of spores are much more resistant than others or niore 
advantageously placed for infection. This would be quite manifest in siudi 
a delicate test. Sulphur appears to have been toxic under these conditions 
with infection periods of 24 to 40 hours at temperatures ranging from 10° 
to 23° C. Although the plants were not incubated at these temperatuia's, 
it is not probable that with infection periods of this duration tlie “eon- 
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densed^^ partieiilate SBlpliiir would be effective to sucli a degree after the 
trees were removed to the greenhouse. 

The relaiion of degree of coverage of apple foliage to amount of infec- 
tion. The fungicides were applied in about i inch bands evenly spaced 
transversely across each leaf. The area covered varied with the size of 
the leaves, each leaf usually receiving two or three bands. In some in- 
stances areas about inch square were treated at suitable intervals on the 
leaf or arranged in such a manner as to give fairly large unprotected areas. 
The results appear in table 6. It is quite evident that sulphur-arsenate 
dust 90-10 (Ser. 1-4) ; Kolotex (Ser. 5) ; Kolodust (Ser. 6, 7) ; lime sulphur 
1-40 plus arsenate of lead 1-50 (Ser. 1-5) ; and Bordeaux mixture (Ser. 
6-10) gave good control when present in restricted areas at a temperature 
range of 10° to 24° C. Except in an occasional experiment, as in series 8, 
lime 4-50 (Ser. 8-10) did not exhibit any appreciable toxicity, regardless 
of whether the treatment was applied as bands or complete coverage. 
Hydrated and stone lime were equally ineffective when applied in these 
ways. The effectiveness of the Bordeaux mixture was not altered when stone 
lime was used instead of hydrated lime. The concentrations of the material 
tested in the bands, within limits, did not appear to influence the degree of 
toxicity of the treatments. L20, an emulsified oil, seemed markedly effec- 
tive when applied to limited areas on the leaf surface (Ser. 8). Complete 
coverage wuth arsenate of lead did not appreciably inhibit infection (Ser. 
8, 10). Good infection occurred on untreated leaves above and below the 
treated leaves in all the series (Table 6) and on untreated halves of leaves 
in those series where only one-half was treated (Ser. 8-10). 

In an attempt to limit the possible spread of the sulphur preparations 
used incident to water movements on the leaf, a series of experiments was 
conducted in which the areas to which the fungicide w^as applied were 
delimited by means of cocoa butter. The efficiency of the sulphur fungi- 
cides was not appreciably decreased (Ser. 3-5). The data on this point are 
not fully conclusive, however, because the growing leaves in some cases 
cracked the cocoa butter before the trees were removed from the moist 
chamber. 

Apparently temperature did not materially change the effectiveness of 
the sulphur fungicides within the range of 10° to 24° C. The spores of 
the imperfect and perfect stages of the fungus were affected similarly. 

Inasmueh as it was found that sulphur was effective over a larger area 
tlian was actually treated, rapidly growing apple trees were dusted or 
sprayed and after a certain amount of growffh had taken place were inocu- 
lated with Venturia inaequalis. In nearly every ease treatments with the 
sulphur fungicides, such as Kolodust, Kolotex, and lime sulphur 1-40 plus 
arsenate of lead 1-50, protected even the smallest leaf measurable at the 
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Lesions 

per 

leaf 

opjgo thocqoo THrtPlo cgtMOo:) t-coo b-orirt coiHCci 

[^xHiocvat^TH CO l>- rd^t^-co^^ CO T-i 

Leaf size 
at end of 
infection 
period 

Cviwe:) -^ooo Otoo CMOICM TH'=iHCM Ob-QO CMOS 

COIQCOI>* IftCOOO 00'^u:i cOtHUO COtH 

^ X y, XXX e='f-4MX X X 

I^QOCOCO lOOliOO OlOb- CQCQO CMO 
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time of application throug'liout its period of g-rowtli (Table 7, Ser. 1-3). 
Frecpieiitly, a leaf younger than the smallest one measured also was pro- 
tected. The period between fungicidal treatment and inoculation w^as 
usually 4 or 5 days. The effectiveness of the sulphur fungicides did not 
seem to be influenced to any marked degree by tem]Derature within the 
range of 5° to 20° C. Both the imperfect and perfect stages of the fungus 
were testtKl with like results. That the trees Avere susceptible was evidenced 
to some degree by the infection of the unprotected leaves and the excellent 
infection on control trees. Bordeaux mixture may be remarkably effectAm 
in similar applications but in less degree than the sulphur (Table 7, Ser. 
3-5). The Bordeaux mixture wms equally effective whether hydrated or 
stone lime was used. Hydrated and stone lime Avere not effectWe in experi- 
ments similar to those in which Bordeaux mixture wms used (Table 7, Ser. 
3, 4). Plants were treated, respectively, Avith hydrated and stone lime 
and Bordeaux mixture made from each and placed at a temperature of 
28° C. Avith relative humidities of 50 and 75 per cent. The results Avere not 
materially different from those obtained AAdien treated plants Avere placed 
in the greenhouse until inoculation. Oil emulsion L20 was someAvhat less 
effective than Bordeaux under the same conditions (Table 7, Ser. 4) , These 
results Avith Bordeaux mixture seem to have considerable theoretical and 
practical interest. However, a more detailed treatment of the questions 
they raise lies beyond the scope of the present investigations. 

THE EFFECTIVENESS OF CERTAIN FUNGICIDES FOR INACTIVATING THE CONIDIAL 
INOCULUM IN THE CONTROL OF VENTURIA INAEQUALIS 

Field obserAmtions by Keitt and Jones (29) and others show that the 
development of sufficient secondary inoculum, folloAved by the cooler 
AA’eather and increased atmospheric moisture that may occur later in the 
season, can initiate late infection of fruit and more abundantly establish 
the fungus on the foliage. This increased leaf infection is an important 
factor in providing a greater source of inoculum in the following year 
(Wilsou, 59). Applications of dusts and sprays have been recommended 
for some time to prevent late infection. In the present study inquiry has 
biaoi made into the effectiveness of certain fungicides in inactivating the 
couidia that are present and preventing further production of eoiiidia. 

Fungicides applied to well-developed apple-scab lesions in orchard 
foliage Avere found to be not only toxic to the spores present hnt able to 
prevent further sporulation of the niycelia for a considerable length of 
time, or actually to kill the fungus in these lesions. The effectiveness of 
the fungicide apparently A^ms influenced by the type of lesion, the degree of 
moisture, or by both moisture and temperature. The results presented in 
figure 4, together Avitli other data, shoAv that sulphiir-arsenate dust 90-10, 
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Pia. 4. Effectiveness of certain fungicides for inactivating the conidial inoeuliiru 
in the control of Fenfifria inaeqiialis. The relative number of eonidia producetl on 
the untreated and treated leaves was determined aLout 3 days after each rain. Severely 
scabbed leaves were selected and thoroughly atomized to remove spores. Estimates of 
the number of spores in the washings were made by a standardized teelinique. Kelative 
numbers were assigned, based on the control which is taken as lOD. S-Ars. dust = Sul- 
lohur arsenate dust 90-10. L-S = Commercial liquid lime sulphur. AL = Cmmuercial 
powdered arsenate of lead. Kayso = Casein lime. Soft soap = Neutral sodium, soft soap 
(20th Century Soap). P. G. & E. spray = Prepared from a finely divided sulphur paste. 
KelsalPs spray = Lime sulphur-aluminum sulphate mixture. BM = Bordeaux mixture. 
L20 = Emulsified oil. L2135 = L20 plus a form of sulphur. 

applied to welEcleveloped lesioiiti did not inliibit production of CDiiidia after 
0.15 inch of rainfall and that there was> little or no toxic effect fririM the 
treatment after 1 inch of rainfall. Kolotex and P. G. & E. sulplmr ])aste 
5-50, hoth of which contain finely divided siilpiluir, were aj)parentl,y 
more efficient than the coarser sulphnr-arsenate dust 90-10. Tlic additinn 
of soft soap, 1 pier cent, or Kayso 1-50 to Kolotex 8-50 did not seem to inalo^ 
the dust markedly more efficient, hut the addition of 2 per cent ol* an 
emulsified oil, L20, gave increased effectiveness. Tlie >spray>s l>()rd(‘aiix 
mixture 4-4-50, lime siilpliur-aluminum sulphate mixture, lime sulpliiir 
1-40 plus arsenate of lead 1-50, and L205, 2 per cent, appeared appreeiahly 
to prevent the development of viable eonidia even after 7.81 inches of raiii- 
fall, and, with the possible exception of the oil spray L205, they may l)e 
effective for the greater part of the season, depending on environinental 
factors. In addition, they may entirely kill the fungus in the lesions, but, 
as previously mentioned, this action is influenced by various factors. ' Tlie 
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toxicity of lime sulphur plus arsenate of lead appreciably inereasecL when 
the application was followed by rain or dews and a favorable temperature. 
Frequent rains together with other environmental factors have a marked 
eflect on the quantity of conidia produced by iiontreated lesions. From 
these data it appears that the secondary inoculum of Venturia inaequalis 
may be appreciably reduced according to the fungicidal efEeetiveness and 
adhesiveness of the treatments. 

RELATION OF WASHING TREATMENTS TO THE EPFEOTIVENESS OP 
CERTAIN FUNGICIDES® 

In the study of the effectiveness of sprays and dusts one is confronted 
with the problem of duration of the period of protection per application. 
The data that have accumulated on this phase of the problem have been 
derived chiefly from three sources : laboratory studies, field studies, and 
chemical analyses of treated foliage. Laboratory studies may give com- 
parative data but insufficient information as to what actually occurs in 
practice. Results of field investigations are often apparently contradic- 
tory, due, no doubt, to varying environmental conditions and other limiting 
factors. Chemical analyses of the treated foliage have given very valuable 
data but do not answer the question of whether or not foliage is adequately 
protected. The nature of the greenhouse facilities has enabled the writer 
to begin an investigation of this problem under partly controlled conditions. 
It was hoped that by treating the leaves of potted apple trees with various 
types of fungicides, subjecting them to a washing technique and finally 
inoculating them with ascospores of Venturia inaequalis, a more intimate 
knowdedge could be obtained concerning the comparative effectiveness of 
materials in terms of disease control. 

Apparatus and method. Potted Wealthy apple trees, as described on 
page 450, waua^ used for these experiments. Specimens of equal or nearly 
equal height were selected for each experiment. At a suitable time after 
treatment the trees, with their tops at approximately the same level, were 
placed in a single row^ around the edge of a turntable situated in a moist 
chamber (Pig. 2, C). The turntable (Fig. 2, C) made 0.73 revolution per 
minute. A Skinner irrigation nozzle w^as placed about 5 feet above and a 
little to one side of the turntable. A rain gauge was placed betw^eeii two 
of the trees, its aperture level with the top of the twigs, so as to obtain a 
record of the approximate amount of W'ashing for the allotted time. The 

s A literature review of spreaders aud adhesives and a proposed theory of adherence 
will be found in the paper by Moore (38). Holland, Dunbar, and Gilligan (27) cite 
literature and give other data relative to*^ wetting, spreading, and adhesiveness, and 
other properties of copper fungicides as influenced by the addition of various sup- 
plements. 



TABLE 8. The relation of washing treatments to the effectiveness of certain fungicides in preventing infectio?i of Wealthy 

apple leaves hy the ascospores of Venturia inaequalis 


504 


Phytopathology 


[VoL. 21 




TABLE 8 . — (Contimied) 


Hamilton: Control of Apple Scab 


505 


o CO ».n fiti 
CM oi eo ai 


o CO o 00 00 (M o TjH tH ca 

C= CO tH I— I tH iH oq 




O O t>. CO l>^ CO t>. »03 O IQ 

CM 'tH i-o loi o o: CD oi t'-* cq 01 

QO oq iH i-i (M (M rH 01 


3 CO CO CO c:> o 
3 0 oi 06 (M* 


o 'Ctj 10 10 

[ 2 ; CO i d id 


10 UO O 01 rfi O O 
CO* iH 0 o' 01 rH TjH TiiH 


O 01 iq 'O !>; O Cl O Cl rfH Cl 
CD* d’ CO* 01 01 CO’ CO CO* 01 o' rH 


o 00 iq o iq b- 
o cd ed Cl 


S Cl 01 Cl 01 
^ HH HH 


QOOOOOCOQOOOQCQO Cl 01 Cl Cl Cl 01 

COCOCOCOCOCOrOCOCOCOCO COCOCOCOCOCO 


H S Q l-O IG VO la t.'- t- r>> t'. b- t?- l>- t>- CO -CD to O CD 'G «0 CD «0 CD o CO tO tO tO tO 


5 O O O CO O 

: 01 o' 01 to" 01 


M 



TABLE 8. — {Contimied) 


506 


Phytopath olog y 


[VoL. 21 



L-S - Commercial liquid lime sulpluir. AL = Commercial powdered arsenate of lead. BM = Bordeaux mixture. C-L-Ars = 
Copper-lime-lead arsenate. L20 = Emulsified oil. L205 = Emulsitied oil pins a. form of sulplmr. K-l-GB = Proprietary mercury com- 
pound. Soft soap = ^eutral sodium soft soap. Kayso = Casein lime. Pomodust (coated witli P.O, 2%) Poniodust was suspended 
in a 2 per cent solution of ferric oxide^ dried and resifted. b The washing was by natural raiu. 

c The regular nozzles of the chambers were running full force. 
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Pig. 5. Tlxe relation of washing treatments to the effectiveness of certain fungi- 
cides in preventing apple-leaf infection by the aseospores of Vent ur la inaefiualis. 
L-S = Commercial liquid lime sulphur. AL = Commercial powdered arsenate of lead. 
L20 = Emulsified oil. L205 = L20 plus a form of sulphur. K-l-CB = Pioprietary mer- 
curial compound. = Bordeaux mixture. Kayso = Casein lime. Soft soap = Neutral 

sodium soft soap (20th Century Soap). C-L-Ars. = Copper-lime-lead arsenate. Porno- 
dust (Fe.Og coated) = Pomodust was suspended in a 2 per cent solution of ferric oxide, 
dried and resifted. 
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wasMng, in which lake water was used, was somewhat similar to that of a 
fine, gentle rain. After treatment the trees were inoculated in the usual 
waj with the ascospores of Yenturia inaequahs and then inciihated in the 
greenhouse for a suitable time. The method of taking results was similar 
to that in previous experiments. 

Treatments and results. Tliateher and Streeter (51) found that, after 
the first major mechanical loss, rain was apparently a minor factor in affect- 
ing the adherence of sulphur dust to foliage. Their data show a great 
mechanical loss for the sulphur dust during the first week, and by the end 
of the second week the major part of the sulphur, even in heaw^^ dustings, 
was removed. Subsequent decrease in the amount of sulphur was small 
and rather uniform during the ensuing weeks. In the use of lime-sulphur 
spray the proportion of sulphur washed off during the early period w^as 
much less than that for the dust, and the rate was more gradual, especially 
for the first three weeks. 

It was reported by Young and Tisdale (63) that particulate sulphur 
stuck better than coarse particles and that a heavy dowmpour of rain washed 
off less sulphur than the same amount of water falling more slowly and over 
a longer period. 

A summary of treatments and of results appears in table 8 and figure 5. 
Sulphur dust was much inferior in adhesiveness to sulphur deposited by 
sprays containing lime sulphur (Table 8, Ser. 1, 2, 3, 6, or Fig. 4, a, b, c, f). 
Apparently, after a light rain or a short washing period, the major part 
of the sulphur dust w’as washed off, for under these conditions considerable 
infection took place. In the case of sprays containing lime sulphur enough 
of the sulphur adhered to the foliage after the so-called first major mechan- 
ical loss to provide protection even after a heavy rain or prolonged washing 
treatments, Bordeaux mixture wus slightly less effective than lime sulphur 
after prolonged washing (Table 8, Ser. 4, 7, or Fig. 5, d, g). Copper-lime- 
arsenate dust was decidedly less adhesive than Bordeaux (Table 8, Ser. 7, 
or Fig. 4, g). P. G-. & E. sulphur paste and Ferrox sulphur paste, both 
finely divided wettable sulphur products, were much inferior to lime sul- 
phur ill their efSeiency for scab control after 'washing treatments (Table 
8, Ser. 6, or Fig. 4, f). A proprietary emulsified oil, L205, coiitainiiig a 
fungicide, wus not significantly more effective than sulphur dust (Table 8, 
Ser. 2, 3, 4, or Fig. 5, b, c, d). It appears that the toxic agent was washed 
out, since oil emnlsion to which sulphur dust was added at the time of 
application was decidedly more effective, as will be shown later. Perhaps 
this was due to the greater amount of snlphnr in the latter mixture. A 
proprietary mercury eonipound did not appear to withstand washing any 
better than Kolotex (Table 8, Ser. 3, or Fig. 5, e). Arsenate of lead did 
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not appreciably increase the effeetiveiies>s of siiljilinr dust under the condi- 
tions of these experiments. 

Casein lime may increase to a small degree the durability of the siilpliiir 
dnst when proportioned for use either as a spray or dust (Table 8, Ser. 5, 
or Fig. 5, e). Soft soap was no more satisfactory than Kayso in rendering 
the sulphur dust more effective (Table 8, Ser. 5, or Fig. 5, e). The oil 
emulsion^ L20, was the most promising of the stickers or spreaders tested 
with the sulphur dusts under these conditions (Table 8, Ser. 2, 3, 5, 8, or 
Fig. b, c, e, h). The residts (Table 8, Ser, 8, or Fig. 5, h) are in accord 
with the findings of Ginsburg (14, 16). Increased adhesiveness was mani- 
fest whether ferric oxide was added directly to sulphur dust, wliieli may he 
proportioned for use either as a spray or dust, or ivas used as a coating 
on the sulphur-dust particles. 

Control trees which had not been given a special washing treatiiieiit 
just before inoculation offei^ed marked inhibition to the fungus (Table 8, 
Ser. 2, 4, 6). These trees, along with all the other nninoculated trees, had 
been well washed with a spray of -water at frequent intervals with the aim 
of keeping the foliage clean. The variation in durability of the same fungi- 
cides for different series is due, in part, to a difference in the height of the 
twigs of the trees, the position of the trees on the table, the angle of the 
nozzle, the rate of washing, and the type of foliage. It must be kept in 
mind that these data are fragmentary. However, it is thought that consid- 
erable value attaches to the comparison of the various treatments within a 
series and that the data, taken as a whole, are significant regarding certain 
aspects of the relative adhesiveness of the fungicides tested. 

RELATION OP THE ADDITION OF POTASSIUM PERMANGANATE TO 
THE TOXICITY OP SULPHUR DUST 

Young’s theory that the fungicidal effect of sulphur is due to the forma- 
tion of pentathionic acid by oxidation in the presence of oxygen and water 
led Lee and Martin (32) to think that the fungicidal effectiveness of siil- 
plmr might be increased by adding oxidizing agents. They made field 
experiments on the control of eyespot disease of sugar cane, from wliieli 
they concluded that the addition of 1 per cent potassiiiiii permanganate to 
sulphur dust iuereased its efficiency 200 to 300 per cent. The present 
wTiter, upon conducting comparative tests of various brands of sulphur 
acting across space, failed to find that the presence of 1 per cent potassium 
periiianganate in the sulphur increased the effectiveness of the sulphur to 
any great extent. This indication is congruent with the more recent work 
of Bailey and Greaney (1), wffio conducted an investigation in coimeetioii 
with the control of leaf and stem rust of wheat. Goodwin and Martin (24) 
give data to indicate the nonproduction of a volatile sulphur derivative of 
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^ The tecliiiiqiie is described under the section on laboratory studies. 

iJ Excess of tlie fungicides was used in tlie bottom of each cell. Oxidized sulplmr = Sublimed sulphur plus potassium 
perniangaiiate and a catalyst. 

c The concentration of fungicide is denoted bj^ lOq 10^^ 10b Growth develoiied later in the spore droids containing KM 11 O 4 . 
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acid reaction from the use of potassium permanganate with sulphur in the 
presence of heat and moisture. Williams and Young (58) reported that 
sulphur, treated with certain oxidizing agents, such as potassium per- 
manganate, Avas extremely toxic and Avas etfecth^e in the control of apple 
scab. Martin (35) obtained data which further substantiate the results of 
Lee and Martin (32). 

Laboratory studies. The use of potassium permanganate AAdth sulphur 
AA^as studied in the laboratory, employing the technique described in a later 
section. The data obtained are presented in table 9, and figure 6, a, b. 
Percentage germination and reduction in length of germ tube of the coiiidia 
of Sderotinia cinerea AA^ere used as criteria of toxicity. Certain tests AA^re 
conducted across space in A^an Tieghem cells at 20° to 28° C. (Table 9, Ser. 
1, 2, 3, 5, and Fig. 6, b). The fungicides Avere placed at the bottom of the 
cell, and the spores, in the hanging drop. The data do not suggest any 
significant increase in the effeetiA^eness of Super-sulfodiivSt or sublimed sul- 
phur through the addition of potassium permanganate under these condi- 
tions. The trend of the results does not appear to he altered materially 
b}' a rise in temperature from 20° to 28° C. or by the amount of mixture 
used. Potassium permanganate in itself aa'rs not acth^e across space. Com- 
binations similar to the aboA^e were tested in the hanging drop itself at 
20° C. (Table 9, Ser. 4, Pig. 6, a). The data corroborate the aboA'^e results. 
Potassium permanganate was found to he more effectwe than snlplmr A\hen 
used alone in the hanging drop at the same concentratiDn as AAuth the sul- 
phur (Table 9, Ser. 4). 

Greenhouse studies. When oxidized and sublimed sulphur AA^ere com- 
pared in treatments made after infection periods of from 45 to 65 hours 
(Table 2, Ser. 1, 2, 4) , there AAms no eAudence that the oxidized sulphur aaus 
substantially more effecth^e than sublimed sulphur. A comparison of 
oxidized sulphur AAuth other t;^qpes of dusts and simays applied after infec- 
tion periods of from 48 to 64 hours did not reA^eal any unusual effectiA^eiiess 
of the oxidized product (Table 2, Ser. 5, 37). Temperature Avithiii the 
I'ange of 10° to 23° C. and a moist treatment after application appeared to 
play a rather insignificant role in increasing the amount of control 'with 
the actwated sulphur. Potassium permanganate, 2 per cent, gaA^e excellent 
control as compared AAuth the other treatments listed, Avlieii applications 
Avere made 45 to 66 hours after inoculation began (Table 2, Ser. 1, 4). 

SOME OBSERAL4.TIONS ON THE EFFECTWENESS OP FUNGICIDES 

In analyzing the data relatwe to the control of Yenturia inaequalis by 
means of various fungicidal treatments one must consider certain related 
factors, some of Avliieh have not been mentioned. It is quite possible that 
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there is a Tariatioii in the deg-ree to wliicli the aseospores of V. inaequalis 
can withstand the action of toxic materials. This may possibly be influ- 
enced by such factors as the ''strains'’ of fungus used, the time of the year 
at which the spores matured, the vigor of individual spores, and the 
abundance of inoculum. The length of time after inoculation that control 
may be obtained is undoubtedly somew^hat variable due to the time required 
for the leaves to collect sufficient moisture® for germination, and other fac- 
tors. It is quite obvious that the trees vary in resistance at different times. 
Usually the three or four leaves most recently unfolded are susceptible to 
infection on the ventral surface, but, occasionally, trees will be found on 
which practically all the foliage is susceptible. Frequently it is found, 
especially where a fungicide w^as not applied, that the fungus in lesions on 
the more susceptible leaves at the top of the twugs breaks through the cuticle 
and sporulates, whereas, farther dowm the twigs the leaves are more mature 
and sufficiently resistant to prevent macroscopic development of lesions. 

The trees growm in the greenhouse show^ed evidence of considerable 
variation in the carbohydrate-nitrogen ratio as conditions changed during 
the course of the season. The nitrogen-high condition seemed to increase 
the susceptibility to scab infection and to lime-sulphur injury. The nitro- 
gen-high condition which commonly developed in the plants first forced 
(February and March) was corrected by providing artificial light. 

In the case of post-inoculation treatments, especially in the use of the 
more effective sprays such as lime sulphur, it was found that the develop- 
ment of macroscopic lesions w^as delaj^ed for days and the fungus in them 
might never frnit. Although this may not have any effect on the develop- 
ment of the perfect stage of the fungus, it checks the development of the 
conidial inoculum and in this way is a factor in fungicidal effectiveness 
which is not fully apparent from the data. 

As a result of the rapid growdh of apple trees in a shaded greenhouse, 
the texture of the leaves is somewdiat different from that of the leaves of 
trees growm in an unshaded greenhouse. The trees used in these experi- 
ments w^ere shaded for the most part during the periods of excessive heat so 
that infection wHuld take place and lesions would appear. 

LABORATORY STUDIES: APPARATUS AND METHODS 

The eonidia and aseospores of yenturia maequalis and the conidia of 
Sderotifda cmerea w^ere used in laboratory studies. The conidia of V. 

® The amount of particulate water that passed through the cloth top of tenting 
material over the iron frame in the moist chamber varied somewhat in the earlier work. 
This variation was elimmated on March 12, 1929, and, thereafter, by spraying the top 
from within just before the experiment began. This procedure filled the small apertures 
in the fabric with water, prevented the passage of droplets, and insured a saturated 
atmosphere without the danger of excess W'ater. 
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Fig 6 The toxicity of certain sulphur fungicides to the eonidia of Sclerotinia 
cinerea as determined by inhibition in length of germ tube in van Tiegheni cells. Eela- 
tive length of germ tube is based on the control which is taken as 100. Oxidized 
8= Sublimed sulphur plus potassium permanganate, 1 per cent, and a catalyst. P pted 
S = Prepared by aerating lime sulphur. Koppers dust = Prepared from Ferrox flotation 
sulphur paste. L-S = Cominerc-ial liquid lime sulphur. AL = Commereial powdered arse- 
nate of lead. Niagara “special sulphur ” = Bentonite sulphur. Koppers spray -Pre- 
pared from Ferrox flotation sulphur paste, a. Fungicide and conidia in hanging diop, 
20° C. b, c, d. Fungicide in bottom of cell, 2S°, 17°, and 17° C., respectively. 1. A 2 
per cent suspension of the fungicide was used. Aliquots of the suspension to be tested 
were dried down and slightly moistened just before the experiment was begun. 
Conidia of Sclerotinia cinerea. 3. Conidia of Tenturia Inaeqnahs. 4. Sulphur dry. 
(.Aliquots of the suspension to be tested were dried down.) 5. Sulphur wet. (Aliquots 
of the suspension to be tested were not dried down,) 
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maeqiialis were waslied from apple leaves from the orchard by means of 
an atomizer. In order to secure a clean leaf surface and a fresh crop of 
spores, the leaves were washed with sterile distilled water 3 or 4 days before 
they were collected, and covered with parchment bags. The ascospores of 
T. inaequalis were ejected from perithecia in moistened apple leaves into 
sterile condnctivity wmter. Solerotinia cinerea wms cultured on potato- 
dextrose agar at 20° C. and the spores were taken from 7- to 9-day-old 
cultures. 

The hanging-drop technique was used. Conductivity water was used 
for spore suspensions and the preparation of fungicides. The glassware 
was cleaned wdth potassium bichromate and sulphuric acid cleaning solu- 
tion, thoroughly rinsed in ordinary distilled water, then in sterile conduc- 
tivity water, and dnall}^ wiped wdth clean cheesecloth. All cover slips and 
slides were flamed just before using. The rings were 10 x 18 mm. The 
cells, unless otherwise stated, were left unsealed with a small opening at the 
edge of the cover slip to allow" free access of oxygen. Pour cells w^ere used 
for each dilution. The drops of the spore suspension to be used as an 
indicator of the toxicity of the fungicide were taken w"ith a platinum loop 
2.5 mm. in diameter by a standardized procedure. The drops contained 
about 15 spores per low-pow"er fleld of the microscope, or approximately 
100 to 200 spores per drop. 

The dilutions of the fungicide w’ere based on the dry w^eight of the 
sulplmr or sulphur mixture, except that, in the case of sprays containing 
lime sulphur, the dilution 1-40 was used as a basis. Aliquots of the various 
dilutions to be tested across space w^ere transferred by means of a platinum 
loop 6.5 mm. in diameter. One loopfnl of a 1 per cent suspension of the 
sulphur preparation to be tested wms placed in the bottom of each cell, 
unless otherwise stated. These drops w^ere allow"ed to evaporate slowly 
until air-dry and then slightly moistened before the cover slip bearing the 
spores in a drop of sterile conductivity wnter was suspended over them. 
When the fungicidal dilutions were tested in the spore suspension, its 
evaporation was prevented by placing a large loop of water in the bottom 
of the cell. Water was used instead of the same fungicide that w^as in the 
hanging drop to avoid the complication of having any fungicide at the 
bottom of the cell w-here it might act across space on the spores at the bottom 
of the hanging drop. The cells were then incubated in sterile Petri dishes 
freshly lined with moist filter paper. Eeadings of germ-tube length and 
pereentage of spores germinated w^ere made at suitable times. The results 
of this wnrk sliow’ed that the percentage of spores germinated was not a 
satisfactory criterion of the toxicity of the materials tested. Ordinarily 100 
germ tubes were measured for each dilution. At the end of the incubation 
period the spore drops w^ere allowed to evaporate to drjuiess and the cover 
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Fig. 7. Eelation of water, temperature, oxygen, and ar .senate of lead to the toxicity 
of certain fungicides as determined by inhibition in lengtli of germ tube in van 
Tieghein cells. Eelative length of germ tube is based on the control which is taken as 
100. a, b. Conidia of Scleroiinia cinei^ea. Fungicide in bottom of cell. c. Ascospores 
of Vefituria inaequalis. Fungicide in bottom of cell. d. Fungicide and conidia of 
Sclerotinia einerea in hanging drop, 20° C. 1. Sulphur = Niagara Snper-sulfodust. 
Sulphur H- excess water = Aliquots of the suspension to be tested were not dried down. 
Sulphur moist = Aliquots of the suspension to be tested were dried doAvii and slightly 
moistened just before experiment was begun. Each temperature is average of 2 series. 
2. Sulphur = Niagara Super-sulfodust. The data are based on the average of 8 series, 2, 
each, for the temperatures 16°, 18°, 20° and 28° C. The degree of inhibition in the 
effectiveness of the sulphur due to the closed cell was not significantly different at any 
one of these temperatures. 3. A 2 per cent suspension of the dust was used. 
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slips dipped in formal-acetic-aleohol and stored in water until reading's 
could be made. Any deviation from the technique as described in this 
section is noted in each particular instance. 

No readings ivere taken from those spore drops that were clearly abnor- 
mal, as in the following cases. Under certain conditions germ tubes grew 
up into the drop aw^ay from the lower surface, thus escaping full exposure 
to the toxic agent; spores germinated and grew^ more readily in clum]3s 
than wdien evenly dispersed throughout the drop ; irregularity in the size 
of drop due to the effect of surface tension betw^een the drop and the glass 
surface sometimes caused variation wdth regard to the distribution of the 
spores; if the cells were not level, the spores w^ould collect on the edge of 
the drop, thereb^^ producing an abnormal oxygen relationship ; and consid- 
erable variation in the number of spores per drop occasioned a variance in 
the effectiveness of the material used. 

The technique used for making the sulphur suspensions was standard- 
ized as far as possible. 

A COMPARISON OF THE TOXICITY OP CERTAIN SULPHUR FUNGICIDES 
AT VARIOUS CONCENTRATIONS IN THE SPORE DROP 

That the fineness of the sulphur particle is a fungicidal determinant has 
been reported by various ^vorkers since the early investigation of fungicides, 
as reviewed by Windisch (60). This property of sulphur, which is consid- 
ered important in relation to its adhesiveness and toxicity, has recently 
received considerable attention by Young (61) and Tisdale (52). Good- 
win, Martin, and Salmon (20) found that colloidal sulphur w^as apparently 
decidedly more effective than w-etted ground sulphur as a spray with soft 
soap against the hop ^‘powdery mildew^’’ [Sphaeroilieoa Imm'iili). 

The data (Fig. 5, a) show’ on a comparative basis the relative toxicity 
of various sulphur dusts wdien tested in the hanging drop, using the conidia 
of Sclerotinm cinerea as a criterion of toxicit 3 ^ at 20° C. It appears that 
any significant difference in the effectiveness of the several materials tended 
to disappear as the concentration in the spore drop increased below^ 1™1000. 

Across space 

The fact that sulphur acts across space is reported by authorities already 
cited (Barker, Gimingham, and Wiltshire (2), Young (61), Barker (3, 4), 
Goodwin and Martin (24), Marsh (34)). Figure 6, h, c, d, and figure 7, 
a, b, c, show’ the eff'eetiveness of sulphur fungicides across space in van 
Tieghem cells. Figure 6, b, c, d, is representative of the comparative data 
obtained relative to several sulphur fungicides, the toxicity being measured 
by the inhibition in length of germ tube of the conidia of Sclerotina cinerea 
and Yenturia inaequalis at 17° and 28^^ C. It is apparent that there w^as no 
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significant difference in any of the sulphur materials tested under these 
conditions, although it would appear from figure 6, c, d, that Niagara 
Super-sulfodust was less effective than the more finely divided Niagara 
special sulphur’’ (Bentonite sulphur), except, perhaps, in the presence of 
water. The materials tested include Niagara Super-sulfodust, Pomodust, 
Kolodust, Niagara ‘'special sulphur” (Bentonite sulphur), Koppers spray 
(Ferrox sulphur paste), precipitated sulphur (prepared by aerating lime 
sulphur), sublimed sulphur, oxidized sulphur, lime sulphur, and lime sul- 
phur plus arsenate of lead. 

THE EFFECT OF TEMPERATURE AND WATER ON THE TOXICITA" OP 
CERTAIN SULPHUR FUNGICIDES 

Studies made in the laboratory on the effect of temperature and humid- 
ity or water on the amount of control obtained with some sulphur fungi- 
cides by Doran (10), Young (61), Tisdale (52), and Goodwin and Martin 
(24, 25) have been reviewed earlier. 

Tests of the effect of temperature on the fungicidal action of sulphur 
across space were conducted in van Tieghem cells in which the sulphur 
(Super-sulfodust) was placed at the bottom of the cell and a conidial sus- 
pension of Scleroiinid cinerea or an aseosporic suspension of Yenturia 
inaequalis was placed above as a criterion of toxicity. The greatest inhibi- 
tory action of sulphur across space against the eonidia of B. cinerea and 
the ascospores of Y. inaequalis seemed to be about 20® C. under these con- 
ditions (Fig. 7, a, c). An interpretation of these results should take into 
account the effect of temperature on the germinating spore, as well as on 
the toxicity of the sulphur. Sulphur apparently was toxic to the aseo- 
spores of Y. inaequalis when tested across space at 3® C. (Fig. 7, c). 

Water may decrease the inhibitory action of sulphur across space, and 
this effect does not appear to be influenced more at one degree of tempera- 
ture than at another within the range of 3° to *28'' C. (Fig. 6, c, d, and Fig. 
7, a, b, c). Droplets of lime sulphur 1-40, air dried at the bottom of the 
cell and then covered with a drop of water, showed no toxic effect across 
space on the eonidia of Sclerotmm cinerea. 

The data (Fig. 7, b) show that there was a distinct decrease in the 
amount of inhibition obtained with sulphur when tested across space on the 
eonidia of Scleroiinia cinerea in sealed cells, as compared wdth that obtained 
in open cells. This effect was not so marked in cells in which sulphur was 
used in' excess in the bottom of cell or in the spore drop. Young (61) 
reported that there was not sufficient oxygen in sealed cells to permit 
optimum effectiveness of sulphur. Goodwin and Martin (24) state that 
oxygen does not appear to be of importance in the production of the “vola- 
tile sulphur derivative” from sulphur which produces a stain on copper foil. 
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THE FUKGICIDAL ACTION OF AESENATE OP LEAD 

Laboratory tests whicli liave been adequately reviewed by Butler and 
Doran (18) indicate that arsenate of lead is not letliah to Y enUtria 
inaeqiidlis at the strength used in orchard spraying but that it increases 
the toxicity of lime sulphur. 

Arsenate of lead was found markedly to increase the toxicity of Super- 
sulfo dust and lime sulphur against the eonidia of Bcleroiinia cinerea in the 
hanging drop at 20° and 17° C., respectively, and to have fungicidal proper- 
ties of its own (Pig. 6, a, and Pig. 7, d) . Other data indicate that soluble 
arsenic is fungicidal and apparently inhibitory in its action. Inhibition 
is evident over a wide range of dilutons. 

SUMMARY 

1. This study of the control of apple scab with fungicides has consisted 
chiefly of greenhouse experiments in which the fungicides could be applied 
at will to trees on which the disease was induced by inoculation under 
partly controlled conditions. Attention has been directed as far as possible 
toward a simulation of natural conditions. Special attention has been 
given to a study of the comparative effieiencj^ of various sulphur fungicides 
and to the relation of certain factors of the environment to their effec- 
tiveness. 

2. All fungicides applied before inoculation gave excellent control if 
the trees were not subjected to washing. These included a series of sulphur 
dusts, sprays containing lime sulphur, Bordeaux mixture, and certain emul- 
sified oils. Leaves treated with sulphur dust or lime sulphur spray were 
efficiently protected until they became resistant. Bordeaux mixture was 
somewhat less effective. The fungicidal effectiveness of sulphur dusts and 
lime sulphur was not appreciably changed when applied to the foliage and 
given a period in the moist chamber before inoculation. Temperature 
within the range of 6° to 23° C. during an infection period appeared to be 
more important in its relationship to the development of host and parasite 
than to the toxicity of sulphur. Excellent control was obtained at 6° C. 

3. The fungicides showed differences in effectiveness when applied after 
inoculation. Sprays containing lime sulphur appeared to be distinctly 
more effective than the sulphur dusts (whether finely ground, sublimed, 
‘'activated,” or containing arsenate of lead), wettable sulphur sprays, 
ealeiiim nionosulphide, Bordeaux mixture, emulsified oils with or without a 
sulphur fungicide, and certain proprietary mercury compounds. Sulphur- 
arsenate dust 90-10 suggested little indication of offering control in certain 
tests when applied later than about 12 hours after inoculation, unless the 
application wms followed by a moist treatment, while sprays containing 
lime sulphur, especially lime sulphur 1-40 plus arsenate of lead 1-50, gave 
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good eontrol when the application was made after infection periods ranging 
from 30 to 72 hours, and in some eases longer. Under the conditions of 
these experiments the data do not seem to indicate any significant difference 
in scab control between the various wettable sulphur pastes or finely ground 
sulphur preparations and the less finely divided sulphur products tested, 
which i>s attributable to their various pfij’-sical states. Bordeaux mixture 
gave consistent control and was more effective than certain sulphur dusts 
or finely divided sulphur sprays. Certain emulsified oil treatments and 
proprietary mercury compounds appeared to exhibit marked effectiveness. 
The quantity of ascosporie inoculum was a factor in the effectiveness of 
sulphur fungicides applied after inoculation. Fungicidal applications 
made after infection show that temperatures ranging from 6° to 23° C. 
during an infection period did not materially affect the control of Veniuria 
inaeqicalisy wdiile temperatures above 26° C. became an appreciable factor 
in the inhibition of the fungus. The degree, to which temperature was a 
factor was determined by the length of time that elapsed after inoculation 
before exposure to the higher temperature, the length of exposure to that 
temperature, the temperature itself, and probably the relative humidity. 
It is apparent that the higher temperatures were most effective against the 
organism before penetration had taken place. Data have been obtained 
which show that moisture was an important factor in the maximum effec- 
tiveness of many fungicides, such as sprays containing lime sulphur, when 
applied after an infection period, in the control of Y. inaequalis. Histo- 
logical evidence shows that Y. inaeqiialis may be effectively controlled after 
infection has taken place. 

4. There is indication that lime sulphur was quickly effective when ap- 
plied at the time of inoenlation or shortly after but that it required con- 
siderable length of time to be effective if the ti'eatment w^as made some time 
after inoculation. 

5. Kapid drying of lime sulphur appeared to increase its effectiveness 
in applications made after inoncnlation. 

6. Lime 3-50 was not found to diminish the action of lime sulphur plus 
arsenate of lead to any appreciable extent when applied after infection 
periods. 

7. The effectiveness of sulphnr-lead arsenate dusts or sprays applied 
after infection periods appeared to be increased if a moist treatnient was 
given for a period following the application. There is e-^fidence that the 
increased effectiveness of lime sulphur from the addition of arsenate of 
lead is due, at least in part, to soluble arsenic. Soluble arsenic, AsoO^, 
may be fungicidal alone. Injury did not result, under the conditions of 
these experiments, when soluble arsenic, ASoOg, was applied alone at the 
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concentration of 0.04 per cent or with lime sulphur 1-40 at the concentra- 
tion of 0.03 per cent. 

8. Kayso (casein lime) sulphur appeared to increase the fungicidal 
property of lime sulphur plus arsenate of lead when applied after infection 
but the effect was not striking. Lime sulphur plus Kayso plus arsenate 
of lead seemed to he the most effective combination tried. 

9. The effectiveness of certain sulphur fungicides was found to be in- 
creased when applied in a soft-soap solution. 

10. Oil emulsion applied before or after inoculation seemed to exhibit 
fungicidal properties. The addition of oil emulsion appeared markedly to 
increase the effectiveness of some fungicides. 

11. The proprietary mercurial compounds tested may be decidedly 
effective, under certain conditions, when applied after infection. 

12. Development of eonidia of Yenhma inaequcUis on leaf lesions was 
checked according to the fungicidal effectiveness and adhesiveness of the 
materials used. 

13. Certain sulpluir fungicides and Bordeaux mixture exhibited effec- 
tiveness over a larger area than the actual surface covered. 

14. No significant increase in fungicidal efficiency of sulphur followed 
the addition of potassium permanganate to sulphur as an oxidizing agent. 

15. The sprays containing lime sulphur and Bordeaux mixture are ap- 
parently decidedly more adhesive than certain sulphur dusts, finely divided 
sulphur sprays, emulsified oils, and other fungicides tested. Sulphur dust 
was ineffeetive after a short period of rain or washing treatment, while the 
lime-sulphur-containing spray was protective after a heavy rain or pro- 
longed washing treatment. 

16. The addition of such spreaders or adhesives as soft soap, emulsified 
oil, Kayso (casein lime), and ferric oxide increased the adhesivenes of 
certain fungicides to a greater or lesser extent. Emulsified oil gave the 
most satisfactory results, 

17. Laboratory studies corroborated the greenhouse studies of siilphur 
fungicides as regards the inhibitory action of sulphur, the action of sulphur 
other than by contact, the effectiveness of potassium permanganate as a 
fungicide and its ineffectiveness as an ''oxidizer'^ for sulphur dust, the 
fungicidal effectiveness of precipitated (aerated) lime sulphur, certain 
temperature relationships, and the fungicidal role of arsenate of lead and 
soluble arsenic. 
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RELATIVE SUSCEPTIBILITY OP VARIETIES OF SORGHUM TO 
RUST, PUCCINIA PURPUREA^ 

C . 0 . Johnston and E . B . Mains 
INTRODUCTIOX 

Tlie many varieties of sorglmm which are grown in the United States 
as grain, forage, or sirup crops, under many different eiiviroiinieiital eon- 
ditions, are known to he attacked by several fungous and bacterial diseases. 
In the literature on diseases of sorghums, references to rust caused by Fiic- 
cinia purpurea Cke. are very limited and little is known eonceriiing the 
occurrence of that disease in North America. It, therefore, was interesting 
to note outbreaks of rust on sorghums at Manhattan, Kansas, and near La 
Fayette, Indiana, in 1927. _At Manhattan natural epiph^rdotics of rust 
developed in varietal sowings in the field in 1927, 1928, and 1929, while in- 
fections were artificially induced in varietal sowings at La Fayette in 1928 
and 1929. Therefore, it was possible to make comparative rust readings on 
varieties at both stations and to note differences in susceptibility. The data 
secured at La Fayette in 1927 already have been briefly presented by 
Mains (5). The detailed results of experiments at both stations are pre- 
sented in this paper. 

DISTRIBUTION OF THE DISEASE 

Sorghum rust usually has been considered a disease of southern distri- 
bution and seldom has been reported as far north as Kansas and Indiana. 
It has frequently been reported from Louisiana and Texas and occasionally 
from Oklahoma, but usually only from the more humid sections of those 
States. It is of interest to note that rust is seldom seen in the heavy 
sorghum-producing sections of northwestern Texas and Oklahoma and 
soiithwesterii Kansas. Although the temperature undoubtedly is favorable 
for the rust in that area, it is much too dry for its satisfactory development 
over most of the area in a normal season. The senior writer noted a small 
amount of rust on sorghum varieties at the "Woodward, Oklahoma, field sta- 
tion in 1927, but that was an unnsually wet season in northwestern 
Oklahoma. 

The rust is rather widely distributed tbroiigliout the warm temperate 
and tropical portions of the world. The Sydows (7, pp. 803-805) list Puc- 

1 A joint contribution from the Deportment of Botany and Plant Patliology, Kan- 
sas State Agrieult-aral College, Manhattan, Kansas, and Department of Botany, Purdue 
University Agricultural Exjieriment Station, La Fayette, Indiana, in cooperation with 
the Office of Cereal Crops and Diseases, Bureau of Plant Industry, United States De- 
partment of Agriculture. 
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cinia puijmrea from Italy, Greece, Portugal, India, Java, and North 
America. Arthur (1) also lists it from South America. In North Amer- 
ica, Arthur and Fromme (3, pp. 284-285) list it from Alabama, California, 
Florida, Louisiana, South Carolina, Texas, Guerrero, Vera Cruz, Yucatan; 
Cuba; Jamaica; Costa Rieo; Bermuda; Porto Rico. 

CHARACTERISTICS OF THE FUNGUS 

Puccinia purpurea probably is heteroecious but its aecial host is un- 
known. Uredinia are produced, usually in purplish spots, on both sides of 
the leaf. They are rather small and somewhat tardily naked. The ure- 
diniospores are cinnamon or dark chestnut brown, 23-31 by 29-40 p, finely 
and rather closely eehinulate, with 5~10 germ pores that either are scat- 
tered or variously arranged in two transverse bands. The uredinia con- 
tain conspicuous elavate or capitate paraphyses, figure 1, which usually 



Fig. 1. Section through uredinium from feterita showing paraphyses eharacteristic of 

Puccinia purpurea, 

have a brownish purple wall and are generally more numerous at the mar- 
g-in of the uredinium. The compact and dark chocolate brown telia are 
somewhat larger than the uredinia. The teliospores are ellipsoid or oblong' 
23-32 by 40-50 p. 

Arthur and Fromme (3) list Holcus halapensis L. (Johnson grass), H. 
sorghum L. (sorgo) and H. sorghum sudanensis (Piper) Hitche. (Sudan 
grass) as hosts for this rust. According to the Sydows (7), Barclay de- 
scribed a rust from Penniseium typhoideuni, which, from Barclay’s de- 
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scription, is identical with Puccinia purpurea, Butler (4, pp, 206-208), 
however, questions the identity of the host and rust. The Syclows (7) also 
list Zeu mays as a host from Natal, Africa. This also would appear some- 
what questionable since P. purpurea has never been reported on maize else- 
where. The rust of maize, P. sorghi Schw., may produce intense purplish 
spots under certain conditions on maize carrying anthocyanine factors. 
Puccinia purpurea, however, is easily distinguished from P. sorghi by its 
characteristic paraphyses. 

In this connection it is interesting to note that the rust of maize was 
described by Schweinitz (6, pp. 141-316) in 1834 from material that he 
apparently assumed was sorghum (2). He consequently gave it the name 
Puccinia sorghi. The rust of maize never has been found on sorghum. Al- 
though the name was applied evidently through a mistake in identification 
of the host, a strict adherence to the rules of nomenclature has resulted in 
a perpetuation of this misnomer and necessitates the application of another 
name to the rust of the sorghums. 

SORGHUM RUST IN THE SOUTHERN GREAT PLAINS 

The first occurrence of rust on sorghums in Kansas was recorded at 
Manhattan on August 20, 1927, when a rather heavy infection was noted 
on the lower leaves of sorghum varieties in experimental sowings. A more 
severe outbreak occurred in the same plots in 1928 and this was followed 
by a much lighter infection in 1929. AYeather conditions favored the devel- 
opment of sorghum rust in the southern great plains in 1927 and 1928, both 
seasons being marked by heavy rains in late summer. 

The disease developed very late in each of the three seasons at Manhat- 
tan; the dates of first appeax^ance being August 20, 1927, August 13, 1928, 
and August 26, 1929. The first signs of infection appeared as scattered 
uredinia on leaves near the ground. During the remainder of the season 
the rust developed slowly but with such severity that the lower leaves of 
susceptible varieties' were completely killed and the upper leaves also were 
severely affected. In all cases rust continued to develop until the host 
plants were killed by frost, the rate of development depending upon envi- 
ronmental conditions and the suseeptibility of the sorghum variety. 

The amount of injury caused by rust on sorghums is problematical, xlt 
Manhattan even those varieties most severely rusted yielded an abundance 
of seed of good quality in each of the three years. The belated develop- 
ment of rust and the ability of most sorghums to continue produeing new 
leaf tissues through tillering and branching practically preclude the possi- 
bility of losses such as those resulting from rust in small grains. On the 
other hand, when most of the leaves are prematurely killed by rust. 
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as occurred in eertain feteritas, Ked Amber x feterita hybrids, aud Manchu 
Brown kaoliang in 1927 and 1928, there can be no doubt that considerable 

reduction in yield results. 

Rust reading's were made on a total of 121 sorglium selections grown at 
Manhattan, Kansas, during 1927, 1928, and 1929. These consisted of in- 
bred lines of varieties, hybrids, and selections then being used in studies on 
the physiologic forms of covered kernel smut. Not all of the 121 selections, 
however, were grown each of the three years* 42 of them had been grown 
only one year and 17, two years. The remaining 62 selections were grown 
in all three years. In most cases the selections had been inbred for several 
years, but a few varieties had been inbred only a year or two. Particular 
care was exercised in the inbreeding operations to select plants hav- 
ing characteristics typical of the named variety. During the growing sea- 
sons any obviously off-type plants were promptly removed from the plots. 
Thus a set of selections of very uniform type was available for study. In 
some of the hybrid lines it was very difficult to select strains that would 
react the same from year to year. This apparently was because of the fact 
that they were still heterozygous for certain characters, although homozy- 
gous for gross morphologic characters. In general, however, the rust read- 
ings indicated that the selections were uniform for their reaction to rust. 

The varieties were grown in 50-foot rows with plants spaced about 4 
inches apart. Many plants of each variety therefore were available for 
examination. Since the varieties were sown each year in triplicate it was 
possible to make several readings on each variety. In 1927 all three series 
were examined and a single note recorded, giving the maximum and mini- 
mum percentage noted for the variety. In 1928 and 1929 notes were taken 
on each variety in each of the three series. Prom these data the range 
(minimum to maximum percentage) for each variety was calculated. 
Thus, the data presented in table 1 give the extremes noted for each variety 
each year. 

The rust percentages noted for some of the varieties are very consistent 
for all of the years, while in other cases the results differed widely from 
year to year. It must be remembered that 1929 was a rather unfavorable 
year for the development of sorghum rust and that only the most suscep- 
tible selections had high rust readings. Moderately susceptible varieties 
had very low readings, frequently only a trace of rust being noted on them. 
The readings for 1927 were taken a little too early and therefore probably 
are a little lower than they should be. The readings of 1928 are undoubt- 
edly the most accurate and therefore the best measure of resistance or siis- 
eeptibility of a variety. 
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111 presenting the data in table 1 the varieties, hybrids, and selections 
have been arranged into large groups such as kafir, sorgo, feterita, milo, etc. 
Thus, all closely related varieties are conveniently placed for eoniparison. 
The kafirs, as a rule, are only moderately susceptible to rust, the lower 
leaves frequently showing 20 to 40 per cent, while the upper leaves seldom 
show more than a trace. The data seem to indicate that Pink kafir 
is slightly more susceptible than Blackhull and that Club kafir probably is 
the most susceptible varietj^ of the group. The latter probably is not a 
pure kafir, but a hybrid between kafir and feterita. 

The sorgos differ considerably in their reaction to rust, some being 
rather susceptible, wdiile others apparently are resistant. Red Amber, 
Freed, Kansas Orange, Leoti Red, and Dwarf Freed seem moderately sus- 
ceptible, while Pink Freed and Honey sorgo are more resistant. The light 
infection of 1929 makes certain varieties seem less susceptible tliaii they 
actually are. If all three years are considered, Dw^arf Freed and Freed 
were the most susceptible of the sorgos, while Pink Freed was the most re- 
sistant. The difference in reaction of the two strains of Freed, Pink Freed, 
and Dwarf Freed, is very interesting. The former is a supposed natural 
cross bet\veeii Freed and Pink kafir, while the latter is a dwarf selection 
from Freed made by A. F. Sw^anson at Hays, Kansas. The proper classi- 
fication of Pink Freed is uncertain, since it is not a typical sorgo and can- 
not be placed in any of the other known groups. 

The feteritas as a group w^ere verj^ susceptible to rust and, with fe'w 
exceptions, the data in table 1 show this very clearly. The only evidences 
of resistance in this group were shown by a recent introduction, S. P. I. 
No. 51991, in 1927, and one of the strains of Red Leaf feterita, in 1929. 
The latter is a selection from normal feterita made by J. H. Parker. The 
entire plant turns a purplish red late in the season and is characteristically 
lacking in vigor. In 1929 this strain became red before rust iiifeetioii oe- 
ciirred and very little rnst developed thereafter. Another strain of Red 
Leaf feterita is mnch more vigorous and, although originally characterized 
by red leaves, it developed very little of the color in 1928 and 1929, It was 
scarcely distinguishable from normal feterita and shows the susceptibility 
characteristic of the variety. 

Not only are the feteritas very susceptible to rust, but many of the 
hybrids having feterita as one parent also are very susceptible. Most of 
the Red Amber x feterita hybrids tested were very susceptible, althougli 
one of them seemed highly resistant in 1929. These seleetions w^ere then 
ill the Fg generation. They are tall, jiiiey-stalk, wdiite-seed segregates, 
combinations of forage and grain typo. The kafir x feterita hybrids and 
milo X feterita hybrids also w^ere moderately susceptible, although one 
selection of the latter had very little rust in 1929. 
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TABLE 1. — :R.eaction of ’varieties of sorghum to Puccinia imrpurea in three seasons at 


Manhattan, Kansas 


Variety 

Serial^ 

number 

Range 

1927 

in rust pe: 

1928 

r cent age 

1929 

Kafir 





Heed 

KB 2502 

tr.— 5 

tr.-20 

tr.~tr.-f 

Pink 

KB 2506 

10 

tr.-40 

tr.-5 

( c 

KB 2545 

40 

tr.-40 

10 

JuiEy Pink 

FCI 9091 


tr.-20 

10 

Early Pink 

KB 2824 


tr.-40 

tr.-f 

IVonder 

KB 2520 

40 



f c 

KB 2548 

20 



Sunrise 

KB 2523 

5-30 

5-60 

tr. 

Blaekkull 

KB 2535 

tr.-lO 

tr.-40 

tr. 

£ C 

KB 2539 

40 



Pawn 

KB 2538 

tr.-lO 

tr.-20 

tr. 

£ t 

HC 2421 

20 

tr.-40 

5 

Bed 

KB 2545 

tr.-5 

tr.-40 

5-10 

Parmer 

KB 2554 

30 



■Western Blaeklmll 

HC 1462 

5-20 

tr.-40 

tr.r 

Bishop 

KB 27103 

tr,— 2 



Pearl 

KB 27104 

tr.-lO 



Bice i 

KB 27105 

20 



Sharon 

KB 27106 

40 



Club 

PIC 281 


tr.-40 

10-25 

Sorgo 





Bed Amber 

KB 2504 

30 

20-60 

tr.-f 

Breed 

KB 2519 

tr. 

40-80 

10 

White African 

KB 2521 

30 



Pwarf Suinae 

KB 2576 

40 

lD-40 

tr.~ 

Sumac 

KB 2902 



tr.— 

Kansas Orange 

KB 2560 

40 

20-60 

tr.- 

( ( 

KB 2572 

40 



Lasley 

KB 2571 

5 



Leoti Red 

FCI 6610 

40 

20-60 

O-tr.- 

Pink Freed 

KB 2798 

tr.-2 

0-5 

0-tr.- 

Modoc Pink Freed 

HC 2520 


tr.-40 

10 

Honey 

KB 2874 

30 

tT.-20 

0— tr.™ 

Dwarf Freed 

KB 27107 

30 

40-60 

20-40 

^ Japanese Honev Drip’’ . 

KB 2876 


tr.-40 

5 

Atlas Sel. 95 

KB 2877 


tr.-40 

5 

100 

KB 2878 


tr.-40 

■ 5 

Feterita 





Spur 

KB 2540 

tr.-lO 

50-80 

40 

Bed Leaf 

KB 2543 

tr.-20 

50-80 

tr.— 5 



KB 2544 

tr.-20 

60-80 

25-40 

Standard Feterita 

Cl 182-1 

50 

40-70 

40 

i £ 

KB 2563 

25 

60-80 

40-60 

Standard Feterita Sel. 

SPI 51989 

30 

50-80 

25-40 
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TABLE 1. — (Contimced) 


Variety 

Serial 

Range 

in rust percentage 

number 

1927 

1928 

1929 

( ( C ( 

SPI 51989 

5-60 



( ( C ( 

SPI 51991 




C C C ( 

SPI 51991 

40 



Hybrid Dwarf No. 6 

KB 2820 

60-90 

40-60 

Milo 





Dwarf Yellow 

KB 2511 

5 

tr.-5 

0-tr. 

cc 

KB 2512 

tr -2 



C ( 

KB 2514 

tr -10 



C i 

KB 2515 


0-tr. 


it 

KB 2516 

tr -2 


C { 

KB 2517 

tr.-2 



t c 

KB 2532 

tr. 



C ( 

KB 2534 

tr.-2 



( e 

Cl 332 

tr.-lO 

O-tr. 

0-tr.- 

( t 

KB 2556 

tr.-20 



i t 

KB 2557 

tr -20 



{ c 

KB 2564 

tr.-20 



standard Yellow 

GI 234 

5 

0-tr. 

0-tr.- 

‘ ‘ White 

Cl 352 

tr.-o 

0-tr. 

0-tr.— 

Dwarf White 

PCI 8927 

5 

0-ti. 

0-tr.- 

Cream 

KB 2569 

5 

0-tr. 

O-tr.- 

Dwarf StraightneekiJ 

KB 2844 


0-tr. 

tr.- 

Erect uiiloc 

KB 2845 



tr.-5 

tr.-tr.+ 

Eargo Straightneck 

Cl 809 

10 

0-tr. 

0— tr.— 

KaoUmig 





Dwarf Shantung 

Cl 293 

40 

0-tr. 

0-tr.- 

Manehu Brown 

Cl 191 

60 

50-80 ' 

40-65 

Broomcorn j 





Evergreen 

Cl 583 

0-tr. 

tr.-20 

tr. 

Acme 

Cl 243 

20 

tr.-40 

tr. 

Scarborough 

Cl 817 


20-60 

20-60 

Black Spanish 

Cl 826 



20-60 

Miscellajieous varieties and hybrids 





Weskan 

KB 2522 

tr.— 2 

tr.-20 

5 

Dwarf Hegari 

KB 2518 

20 

5-60 

20 

C 1 

KB 2537 

tr.— 5 

20-60 

20 

White Yolo 

KB 2525 

40 

tr.-40 

O-tr.- 

^ durra 

Cl 81 

tr,-5 

40-70 

20 

Darso 

KB 2536 

tr.-2 

tr.-40 

10-20 

Schroek 

KB 2541 

tr.-2 

tr.— 40 

0-tr.- 

Shalln 

Cl 85 

tr.-2 

0-tr. 

’ 0-tr.- 

f c 

KB 2879 


0-tr. 

0— tr.— 

Pierce kaferita 

KB 2547 

tr.-20 

20-40' 

tr.-lO 

< c 

KB 2549 

tr.— 5 

tr.-30 

tr.-!- 

i c 

KB 27100 

30 



{ c 

KB 27101 

20 

tr.-40 

...... 
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TABLE 1. — (Continued) 


Y'ariety 

Serial 

number 

Kange 

1927 

in rust pei 

1928 

•centage 

1929 

Prenio (feterita x kafir) 

FCI 8929 

30 

tr.-20 

tr.-5 ' 

Chilte.x ( ' ^ ) 

FCI 8917 


0-tr. 


Bed Amber x feterita 

KB 2501 

25 

60-80 

20-30 

i e < c 

KB 2503 

60 



t c t c 

KB 2507 

60 



i i e c 

KB 2508 

50 



i ( it 

KB 2509 

25 

20-60 

tr.— 

( t it 

KB 2513 

25 

30-70 

15-25 

a it 

KB 2526 

60 



it it 

KB 2527 

40 



it t t 

KB 2529 

5-60 



t t ( t 

KB 2530 

30 



it it 

KB 2552 

20 

10-60 

20-25 

it it 

KB 2562 

60 

40-70 

25-40 

« ( it 

KB 2567 

50 

20-60 

25-40 

it it 

KB 2570 

40 

40-70 

5-40 

it it 

KB 2573 

60 

20-60 

20-25 

It if 

KB 2574 

40 



Blaekliiill x Soiirless 

KB 2505 

40 

tr.~40 


cc t t 

KB 2799 

5-20 



Kafir X feterita 

FCI 8920 

40 

20-60 

20-40 

ti { ( 

FCI 8929 

35 



1 1 1 1 

HC 2423 

40 

tr.-40 


Milo X feterita 

FCI 8926 

25 

20-40 

tr.- 

Kafir X milo 26-3-1-1 

KB 2561 

20 

tr.-20 

tr.- 

w 38-1-2-1 

KB 2679 

40 

5-40 

tr.-5 

Smith’s milo X kafir 

Cl 808 

tr.-l 0 



Kansas Orange x Dwarf Yellow milo 

KB 2680 

tr.-2 

0-5 

0— tr. 

ti t i 

KB 2681 

10 

tr.— 40 

0-tr. 

it t 1 

KB 2682 

40 



it i ( 

KB 2683 

40 



a i i \ 

KB 2684 

tr.-5 

0-5 

0-tr. 

it it 1 

KB 2685 

tr.~5 



Dwarf Y'ellow milo x Pink kafir 

HC 244 

tr.-5 

tr. 

tr.- 



HC 257 

tr.-5 

tr.-4D 

tr.- 

it it 

PIC 2510 

20 

tr.~40 

tr.~ 

Feterita hybrid (milo x feterita) 

FCI 8926 

30 

40-80 


Sudan grass 




tr.- 


a KB, HC, PCI, Cl, SPI indicate accession nnnilbers of the Department of Botany 
and Plant Pathology, Kansas Agricultural Experiment Station; Port Hays Branch Ex- 
periment Station, Hays, Kansas; and of the offices of Forage CroiDs and Diseases, Cereal 
Crops and Diseases, and Foreign Plant Introduction, of the United States Department 
of Agriculture, respectively. 

bA milo type segregate from a kafir x milo 332-1 cross received from J. B. Sieg- 
linger, Woodward, Oklahoma. 

c A straightneek milo type resembling Fargo Straightneek but mnch later maturing. 
Seed from E. E. Senser, Bison, Kansas, who stated he obtained seed in Oklahoma. 
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As a group, the milos are highly resistant to rust. The highest per- 
centages were noted on varieties of milo in 1927, but in no ease was more 
than 20 per cent seen. A few lowermost leaves of the lolants had a moder- 
ate amount of rust in that season, but most leaves showed only a very 
small amount of rust. In many eases but few scattered nredinia were 
present. In 1928 and 1929 most varieties of inilo showed only an occa- 
sional uredinirun, although one selection of Dwarf Yellow milo and one 
of Erect milo had an infection of tr-5 per cent in 1928. Hybrids liaving 
milo as one of the parent varieties varied considerabh" in their reaction, 
although most of them were somewhat resistant. Milo x feterita hybrids 
seem more susceptible than milo x kafir, Kansas Orange x Dwarf Yellow 
milo, and Dwarf Yellow milo x Pink kafir hybrids. The two latter crosses 
contain several highly resistant selections. 

Onh^ two varieties of kaoliang were tested at ManhattaiL Dwarf Shaii- 
tnng was very highly resistant in 1928 and 1929, while Manehu Brown was 
highly susceptible all three seasons. In 1927 Dwarf Shantiing had eoii- 
siderable rust, especially on certain plants. It is possible that a resistant 
plant was selfed in 1927, tlins establishing a resistant mve line. This is 
not known to be the ease, however, and it may be that a difference in 
physiologic forms is responsible for the difference in reaction in different 
years. It is, however, certain that Manehu Brown is a very susceptible 
variety. It is also extremely susceptible to bacterial stripe. In each of 
the three years the leaves of this variety were prematurely killed b^^ a 
combination of extremely heavy infections of rust and bacterial stripe and 
were thoroughly dry more than half way iip the stalk. 

Varieties of broomcorn seem to differ considerably in their reaction to 
rust. Evergreen (standard), Cl No. 583, and Acme (dwarf), Cl No. 243, 
were resistant or moderately resistant, while Scarborough and Black Span- 
ish were susceptible. Evergreen, however, seemed to be more resistant than 
Acme. Thus we have one standard type (Evergreen, C. I. No. 583) resis- 
tant and another standard type (Black Spanish) susceptible. The same 
condition obtains in a general way for the dwarf types. xVeme is moder- 
ately resistant, while Searborongh is susceptible. 

Among the miscellaneous varieties Dwarf liegari, White diirra, and 
darso seemed to be rather susceptible. In 1928 VTiite diirra was very 
susceptible and, in general reaction, the variety seemed to be the same in 
1929, although the rust percentage was not high. AVhite Yolo was moder- 
ately susceptible in 1927 and 1928 but did not show much infection in 
1929. The susceptible reaction of this variety is interesting, since, in 
several other ways, such as resistance to covered kernel smut, it is very 
similar to milo. The two selections of sliallii were highly resistant to rust 
in all of the seasons in which they were studied, Shallii seems to be the 
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most resistant sorghum encountered at Manhattan in the course ot these 
studies. It does not deYelop red or purplish anthoeyanin like most of the 
sorghums and rust uredinia are therefore not accompanied by the usual 
red necrotic areas. Seyeral other varieties show the same character to a 
lesser extent, Leoti Red rarely develops any anthoeyanin and there is 
seldom any in Freed sorgo. The milos, in the field, also show reddening 
less frequently than most other groups and bear uredinia unaccompanied 
by red, necrotic areas. 

The results of the three years’ observations on sorghums at Manhattan 
very clearly show wide varietal differences in reaction to rust. General 
statements concerning the reaction of varieties comprising the various 
groups can be made only with reservations. It can be stated with only 
occasional exceptions that the kafirs and sorgos are moderately susceptible, 
the feteritas are very susceptible, and the milos highl^^ resistant. The 
kaoliang, broomcorn, and miscellaneous groups contain both resistant and 
susceptible varieties. 

The occurrence of Pucemia purpitrea on sorghum has been reported 
frequently from Oklahoma, but no data can be found on the reaction of 
varieties to rust in that State. One of the writers visited the agricultural 
experiment stations at Stillwater and "Woodward, Oklahoma, in the fall of 
1927, and there he made a few observations on sorghum rust. 

At Stillwater, on September 18, most of the varieties of sorghum had 
been harvested and only a few were available for study. Rust infection 
seemed to have been rather light there that season and only small per- 
centages were noted on Blackhull kafir, darso, and feterita. 

The amount of rust infection noted at Woodward, on September 19, 
seemed somewhat higher than that at Stillwater. This was interesting 
since AVoodward is a typical dry-land station, where the average animal 
rainfall is about 24 inches. The rainfall in the late summer of 1.927, how- 
ever, seems to have been sufficient for the development of considerable rust 
on sorghum. The amount of infection even on the most susceptible varie- 
ties was by no means so heavy as that noted at Manhattan, and it is doubt- 
ful if the notes collected do more than point out the susceptible strains. 
Rust notes were taken on 39 varieties and strains. Blackhull kaoliang and. 
African kafir, Cl No. 802, seemed to be very susceptible, while Dwarf 
feterita, Pink kafir, Sunrise kafir, darso, and Shantung kaoliang were only 
moderately susceptible. Early Red, M'onder, and Bishop kafirs, and Sour- 
less (African Millet) and Sumac sorgos were free from rust. The amount 
of infection, however, was too low to render a zero reading very significant. 
In general, the observations made at Woodward agree with those made at 
Manhattan, hut the percentages at the former station were too low to 
permit more than a very general comparison. 
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SORGHUM RUST IN INDIANA 

The only observation of sorghum rust in Indiana was made in 1927, 
when Dr. M. W. Gardner collected this rust in one spot in a field in 
Tippecanoe County, on October 19. Infection in this limited area was 
severe. The field was planted with Sagrain (Schrock) sorghum from seed 
obtained from Texas. 

Since this rust had received very little investigation, it was decided to 
make a study of the relative susceptibility of sorghum varieties received 
from the Kansas Agricultural Experiment Station and the Office of Cereal 
Crops and Diseases. This study was made in the field during the summers 
of 1928 and 1929 and upon seedlings in the greenhouse during the winters 
of 1927-1928, 1928-1929 and 1929-1930. The results are given in tables 
2 and 3. 

In 1929 a number of additional varieties were received from the Kansas 
Agricultural College, wliich were studied only in the seedling stage in the 
greenhouse. These reacted as follows: 

Very susceptible, the uredinia accompanied by pronounced purpling; 
Acme broonicorn Cl 243, Scarborough broomcorn KB 30107, Blackhull 
kafir KB 2539, Club kafir KB 2828, Early Pink kafir KB 2824, Farmer 
kafir KB 2554, Pink kafir KB 2506, Pink kafir KB 2546, Reed kafir 
KB 2502, Sunrise kafir KB 2523, Western Blaekhidl kafir KB 27102, 
Feterita KB 2690, Red Leaf feterita KB 2544, Atlas sorgo KB 2877, 
Kansas Orange sorgo KB 2572, Kansas Orange sorgo KB 2560, AYliite 
African sorgo KB 2521, Manchu Brown kaoliang CT 171, Pierce kaferita 
KB 2547, Premo FCI 8929, Sharon kafir KB 27106, White Yolo KB 2525, 
Kafir xmilo 38-1-2-1, Kansas Orange x Dwarf Yellow milo KB 2681, Red 
Amber X feterita KB Nos. 2501, 2509, 2513, 2552, 2562, and 2570. 

Very susceptible, the uredinia accompanied b}^ moderate pimpling; 
Evergreen broomcorn Cl 583, eluicy Pink kafir FCI 9091, Red kafir KB 
2545, Pink Freed KB 2798, Dwarf Yellow milo x pink kafir HC 257. 

Moderately susceptible tbe uredinia accompanied by pronouneed 
purpling ; Blackhull kafir KB 2569, Dawn kafir KB 2538, Dawn kafir HC 
2421, Dwarf Sumac sorgo KB 2576, Honey sorgo KB 2874, Weskaii sorgo 
KB 2522, Wonder kafir KB 2520, Wonder kafir KB 2548, darso KB 2536, 
Pearl kafir KB 27104, Pierce kaferita KB 2549, Pierce kaferita KB 27101, 
milo X feterita FCI 8926, kafir x feterita HC 2423, Red Amber x feterita 
KB 2567 and KB 2573. 

Moderately susceptible, uredinia accompaniel by moderate piirplmg ,* 
Dwarf Freed sorgo KB 27107, Freed sorgo KB 2519, Modoc Pink Freed 
sorgo HC 2520, Red Amber sorgo KB 2504, Dwarf hegari KB 2518, Dwarf 
hegari KB 2537, Rice kafir KB 27105. 
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Moderately susceptible, iiredinia not accompanied by purpling; 'Mapa- 
nese Honey Drip'' sorgo KB 2896, Leoti Bed sorgo FCI 6610, shalhi Cl 
85, Wliite diirra Cl 81. 

Very resistant, uredinia few, small, accompanied by pronoiiiiced 
purpling; Bishop kafir Cl 814, inilo x f eterita PCI 8926. 

Highly resistant, no uredinia produced, infection evident as small 
purplish flecks; Dwarf White milo FCI 8927, Dwarf Yellow milo KB 2515, 
Dwarf Yellow milo KB 2556. Dwarf Yellow milo KB 2564, Fargo 
Straightneek milo Cl 809, Standard White milo Cl 352, Standard Yellow 
milo Cl 234, Lasely sorgo KB 2571, Dwarf Shantung kaoliang Cl 293, 
Schrock KB 2541, Dwarf Yellow milo x Pink kafir HC 244, HC 2510, 
Kafir X milo 26-3-1-1, Kansas Orange x Dwarf Yellow milo KB 2680, 
Kansas Orange x Dwarf Yellow milo KB 2684, Smith's milo x kafir Cl 808. 
Shallu KB 2879 was highly resistant, showing only a few very indistinct 
flecks. 

In both field and greenhouse tests at Purdue University all the strains 
of Milo (Pig. 2, A, and Fig. 3) were highly resistant to Pticcmia j^urpurea. 



Fig. 2. A. A portion of a leaf of the highly resistant Dwarf Yellow milo showing 
small purplish flecks mthout uredinia. B. A portion of a leaf of very susceptible 
feterita showing large uredinia surrounded by large purplish spots. Leaves from held 
plantings, La Fayette, Indiana, 1928. 
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Pig. 3. Section through leaf of very resistant niilo infected Ti'ith Puccinia purpurea 
showing purplish discoloration of the small infected area and absence 
of uredinia. Compare with figures 6 and 7. 

Dwarf Shantung' kaoliang KB 2565 (Cl 293) (Fig. 4, B), Laslev sorgo KB 
2571, Bishop kafir Cl 814, shallu KB 2879 (Fig, 4, C), Schrock KB 2541 
and hybrid selections HC 244, HC 2510, KB 2561, KB 2679, KB 2684, KB 
2678 from crosses with milo were the most outstanding for resistance in 



Fig. 4. Comparative reaction of sorghum varieties. A. Bed kafir, moderately sus- 
ceptible with large uredinia in purplish spots. B, Dwarf Shantung kaoliang, very 
resistant, infection indicated only by slight purplish flecks, no uredinia. G. Shallu, 
very resistant, infection indicated only by extremely few indistinct flecks, no uredinia. 
Leaves from field plantings, La Fayette, Indiana, 1928. 
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TABLE 2 . — Relative reaction of sorghum varieties to Puccmia purpurea in field and 
greenhouse tests at La Fayette, Indiana. 1928-19 $9 . 




Rust reaction 


Variety 

Aec. No.a 

Pieldb 

Greenliouse'' 



1928 

1928 

1929 

Kafir 





Heed 

KB 2502 

tr.-25P 

4P 

3P 

Sunris e 

KB 2523 

5 0-1 OOP 

4P 

3P 

Blacklinll 

KB 2535 

5-1 5P 

4P 


Dawn 

KB 2538 

25-50P 

4P 

3p 

Eed 

KB 2545 

75-1 OOP 

4p 


Reed 

Cl 628 

15-35P 

4P 

3P 

Red 

Cl 34 

35-65P 

3-4P 

4p 

Dawn 

Cl 340 

50-65P 

3-4P 

! 4P 

Blaeklnill 

GI310 

5 0-1 OOP 

4P 

3P 

Sorgo 





Dreed 

KB 2519 

50-65P 

3-4p 

3p 

White African 

KB 2521 

50-65P 

3-4p 

Dielding Sumac 

KB 2553 

50-100P 

4P 

3P 

Kansas Orange 

KB 2560 

15-25P 

3-4P 

3P 

Leoti Red 

KB 2575 

50-100 

4 

3 

Dwarf Sumac 

KB 2576 

75-1 OOP 

3-4P 


Red Amher 

DCI 17548 

50-75P 

4p 

4P 

Leoti Red 

PCI 6610 

50-65P 

3-4 

3 

Kansas Orange 

PCI 9108 

35-50P 

4P 

4P 

Dreed 

Cl 350 

50-65P 

3-4P 


Sacealine 

PCI 48191 

25-50P 

3-4P 

4P 

Soulless 

PCI 9074 

50-75P 

4P 

4P 

Atlas 

PCI 9112 

50-65P 

4P 

4P 

Black Amber 

PCI 7038 

5 0-1 OOP 

4P 

4P 

Feterita 





Standard feterita 

KB 2563 

75-1 OOP 

3-4P 


i: 

SPI 51989 

50-75P 

4P 

4P 

C { 

SPI 51991 

50-7 5P 

4P 

3P 

f f 

CT 182-1 

75-lOOP 

4P 

3P 

i i 

Cl 182 

50-100P 

4P 

3P 

Milo 





Dwarf Y'ellow 

KB 2512 

OP 

OP 

tr.P 

Standard Yellow . 

Cl 234 

0-tr.P 

OP 

OP 

“ White 

Cl 352 

Op 

OP 

Op 

Fargo Straightneck 

Cl 809 

tr.-15P 

OP 

Dwarf Yello’w 

Cl 332 

tr.-15P 

OP 

Op 

KaoUaiig 





Dw^arf Shantung 

Cl 293 

OP 

OP 1 

Op 
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TABLE 2. — {Continued) 




Rust reaction 


Variety 

Aee.a No. 

Field>> 

Greenhouse*^ 



1928 

1928 

1929 

Broomcorn 





Acme 

KB 2558 

15-25P 

3-4p 

3P 

£ C 

Cl 243 

50-75P 

4p 

4P 

Miscellaneous 





Sliallu 

Cl 85 

0 

3-4 


Dwarf Hegari 

KB 2518 

50~65P 

4P 

3P 

i ( 

Cl 620 

50-100P 

4P 


Selirock 

KB 2541 

75-lOOP 

4P 

4P 

{ i 

Cl 616 

25~35P 

3-4P 

3P 


^ Accession numbers of the Department of Botany and Plant Pathology, Kansas 
Agricultural Experiment Station, and of the offices of Forage Crops and Diseases, 
Cereal Crops and Diseases, and Foreign Plant Introduction, of the United States 
Department of Agriculture. 

b Percentage of rust, the total amount possible being taken as 100%- Kotes taken 
in September. 

P = Pronounced purpling accompanying uredinia. 

p Purpling less pronounced. Where no letter is given no purpling was noted. 

c Kumerals indicate type of reaction; 4, very susceptible; 3, moderately susceptible; 
2, moderately resistant; 1, very resistant; 0, highly resistant, no uredinia produced. 

tlie other groups studied. Usually no uredinia were produced. Only 
small purplish flecks indicated that infeetion had occurred, and sometimes 
these were very" indistinct, as in the case of shallii (Fig. 4, C). Most of 
the other varieties were moi'e or less susceptible, differing mostly" in the 
number of uredinia produced. This wms most marked in the field planting 
in 1928 (Table 2). Thus, while such varieties as Schroek, Leoti Eed sorgo, 
and Dawn kafir did not differ much in the seedling stage in the greenhouse, 
in the field they showed considerable difference in amount of rust, as iiicli- 
cated ill table 2 and figure 5. A number of the kafirs were only" slightly 
to moderately rusted, most of the sorgos were moderately to heavily rusted, 
while all of the feteritas were heavily rusted. 

As has been noted, infection of the sorghums usually results in the 
production of a purplish discoloration. This takes place both in resistant 
and susceptible varieties. Thus, while uredinia are not produced on milo, 
small purplish spots develop (Fig. 2, A). The purplish areas on suseepti- 
hle varieties such as feterita are, however, much larger (Fig. 2, B, Fig. 6), 
probably corresponding to the area oeciipied by" the niy"celium. A few 
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Fig. 5. A. Sehroek, very susceptible, uredinia abundant in pronounced purplish 
spots. B. Leoti Bed, moderately susceptible, uredinia fairly abundant, no 
C. Dawn Kafir moderately susceptible, uredinia fairly abundant in proiiouiieed purplish 
spots. Leaves from field planting, La Fayette, Indiana, 1928. 

varieties, however, do not develop purplish color in the infected areas, 
Leoti Ked sorgo FCI 6610 (Fig. 5, B, Fig. T), ‘'Japanese Honey Drip” 
sorgo KB 2876, shalhi Cl 85, and White dnrra Cl 81 were more or less 
snsceptihle varieties which produced little or no purpling. Shallu 01 85 
and KB 2879 (Fig. 4, C), among resistant varieties, showed little or no 
development of purple in infected areas. The occurrence of purple, there- 
fore, seems not to he due to the effect of the fungus on the host hut to the 
presence of factors for color development in certain varieties, 

A few grass sorghums also were studied in 1929 in the greenhouse. 
Sudan grass KB 2981, FCI 17540, and Johnson grass FCI 15879 were very 
susceptible, accompanied by pronounced purpling, and Tunis grass FCI 
38108 was moderately susceptible, with pronounced purpling. Fifteen 
unnamed grass sorghums were also received from Mr. IT. N. Yinall of the 
Office of Forage Crops and Diseases, United States Department of Agri- 
culture. Of these, Nos. 50790, 52000, 52022, 52044, 52062, and 52124 were 
very susceptible, with pronounced purpling; Nos. 49697, 50008, 50079, 
52026, 52132, and 58742 were moderately susceptible, with pronounced 
purpling ; Nos. 51995, 52050, and 52053 were highly resistant, no uredinia 
being formed, infection being evident as slightly purplish flecks. 
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Fig. 6. Seetion througli urediiiium of I^uccinia purpitreaj from suscex>tible feterita, 
showing paraphjses, urediniospores, and marked purpling of the 
infected tissue. Compare with fgures 3 and 7. 



Fig. 7. Section through iiredinium of Puccinia purpurea from the susceptible variety 
Leoti Fed sorgo showing paraphyses and absence of purplish coloration 
in the infected tissue. Compare with figures 3 and 6. 
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TABLE 3. — BeaetAon of seedlings of a selected set of sorghum varieties to four 
of Pticcinia imrpitrea in greenhouse ^ La Fayette, Indiana. 1930 


Variety 

Aec. No.a 

2 

Culture numb er s'* . i' 

3 4 5 

standard Yellow milo 

KB 

2524 

OP 

Op 

OP 

OP 

Acme hroomcorn 

KB 

2558 

4p 

4p 

4p 

4p 

Blackhull kafir 

KB 

2539 

4P 

4p 

4P 

4:p 

Dawn kafir 

KB 

2538 


3p 


4p 

Dwarf White milo 

KB 

2566 

OP 

Op 

OP 

Op 

Dwarf Yellow milo 

KB 

2515 

OP 

OP 


OP 

1 i 

KB 

2564 

OP 

OP 

IP 

OP 

Par go Straiglitneek milo 

KB 

2677 

OP 

OP 

OP 

Op 

Standard 'White milo 

KB 

2533 

OP 

OP 

IP 

OP 

Kansas Orange sorgo 

KB 

2572 

4p 

4p 

4p 

3p 

Lasley sorgo 

KB 

2571 

OP 

Op 

OP 

Op 

Dwarf Shantung kaoliang 

KB 

2565 

Op 

Op 

Op 

[)p 

1 c 

Manchu Brown kaoliang 

KB 

2565 Sel. 

Op 

Op 

Op 

Op 

KB 

2568 

4P 

4P 

4P 

4P 

Bishop kafir 

KB 

27103 

OP 

Op 

IP 

Op 

Wonder “ 

KB 

2548 

4P 

4P 

4P 

4p 

Darso .. 

KB 

2536 

4P 

4P 

4P 

41" 

Dwarf liegari 

KB 

2537 

4p 

4P 

4p 

4P 


a Accession number of tlie Department of Botany and Plant Pathology, Kansas 
Agricultural Experiment Station. 

^ Type of reaction, 4, very susceptible; 3, moderately susceptible; 2. moderately 
I’esistant; 1, very resistant ; 0, highly resistant, no nredinia. 

^‘2 collected a,t Manhattan, Kansas, on Standard White niilo 352, Aug. 29, 1929. 

3 collected at Manhattan, Kansas, on feterita Cl 182, Aug. 29, 1929. 

4 collected at Manhattan, Kansas, on Scarborough, September 3 1929. 

5 collected at La Payette, Indiana, September 19, 1929. ^ 


Corn baying been reported as a host for Piwcinia fnirpnrea, the sorgliiini 
rust was sown on 384 inbred lines of corn. These include lines of Howling 
Mob, Golden Bantam, Golden Rod, and Narrow Grained Evergreen sweet 
corns, Ball pop corn and Golden Glow, Early Yellow Dent, Reid’s Yellow 
Dent, and Lancaster County dent corns. No signs of infection were noted 
on these. 


To determine whether sorgliuin varieties miglit serve as liosts of corn 
lust, Pwccmia sorr/Zu, 115 strains and varieties of sorghum were inoeiilated 
with physiologic form 1 of P. sorghi in the spring of 1929, in tlie seedling 
stage, in the greenhouse. These included all of the strains and varietif^ 
studied for reaction to P. purpurea in 1929. Uredinia did not develop on 
any of these. In most cases a very faint purplish flecking was noticed 


SUMMARY 

Rust {Puccmia purionrea) ^vas found on sorghums as far north as La 
Payette, Indiana, and Manhattan, Kansas, in 1927. The disease also was 
seen on sorghums in Oklahoma in the same year. 
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Rust readings were made on the varieties grown in the field at Man- 
hattan in the seasons of 1927, 1928, and 1929, and in the field and green- 
house at La Fayette in 1928, 1929, and 1930. 

Varieties of sorghum were found to vary considerably in their reaction 
to rust. In general, the kafirs and sorgos seemed to be moderately sus- 
ceptible, while the feteritas were very susceptible and the milos very 
resistant. 

Both resistant and susceptible varieties were found in kaoliang and 
broom corn. 

In the field shallu proved to be highly resistant in all years, while 
White durra was susceptible. 

Hybrids between several varieties gave varying reactions, depending 
upon the varieties used in crossing. 

Several unnamed grass sorghums, Johnson grass, Tunis grass, and 
Sudan grass proved to be susceptible, wdiile several other unnamed grass 
sorghums were resistant. 

Pronounced purpling accompanied the uredinia on most varieties, but 
none was observed in shallu Cl 85, White durra Cl 81, and Leoti Red 
FCI 6610, and 'Mapanese Hone}" Drip” KB 2896 sorgos. These varieties 
apparently lack factors governing the development of red pigment in foliar 
tissues. 

No definite evidence of the occurreneeof physiologic forms was obtained. 
Piiccinia failed to cause infection in varieties of dent and 

sweet corn, and no infection resulted from the inoculation of varieties of 
sorghum with P. sorgJii physiologic form 1. 
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THE IMPOKTANCE OP INVESTIGATIONS ON THE EFFECTS OF 
KNOWN MIXTUKES OF MICROORGANISMS^ 

Howard S. Fawcett 

Investigation with one microorganism kept pure and free from eon- 
tamination wdth any other has been the classical procedure e|Ver since Koch 
and others perfected the pure-cultnre methods that facilitate so greatly the 
separation of microorganisms. Students in our laboratories have been 
thoroiighly imbued with the idea that cultures must be pure for a single 
organisni. This necessary insistence on pure cultures of single organisms 
has perhaps led unconsciously to a feeling that to allow the use of a mix- 
ture in plant-pathological work is extremely unscientific if it is not actu- 
ally a ‘Uleadly ‘plant pathological sin.’’ 

The insistence on purity of cultures was, indeed, a very important con- 
dition ill preliminary work for the study of the part played by single 
organisms in the absence of all others. The work with one organism at a 
time was a necessary stage of analysis. I feel, however, that we have now 
come to a stage recpiiring synthesis as well as analysis, integration as well 
as differentiation. We are not, it would seem, getting the whole plant- 
pa, thologieal story by working solely with pure cultures of single organisms. 
Nature does not work with pure cultures alone but most frequently with 
associations. No mathematician would be satisfied to take liis student only 
through differentiation in calculus but would push on to the all-important 
stage of integration. Rahn (17), in microbiology, pointed out clearly the 
importance of a study of the mutual influence of microorganisms when he 
said ‘^Tlie experience obtained with pure cultures is not sufficient to explain 
all inierobial activity in nature.’’ 

Ill view of these considerations I feel we are ready as jilant pathologists 
to enter more actively into the investigation of the effects of known mix- 
tures in comparison witli the effect of the individual organisms alone in 
tlieir relation to disease. Pure cultures we must, of course, continue to 
use as a basis for the known mixtures and as controls on the activity of 
the mixtures. Is it not just as scientific and free from criticism for us to 
work with known mixtures of fungi as it is for a chemist to work with 
known niixtnres of chemical compounds? Numerous examples in chemistry 
come to mind at once where mixtures in solutions bring about definite 
things that none of the components can accomplish when acting alone. A 
classical example is the mixture of acids in aqna regia and also the action 
of numerous catalysts. Research with mixtures of microorganisms will not, 

1 Fresidential i^aper presented at TAventy-second Annual Meeting of the American 
Phytopatliologieal Saeiety at Clevelanii, Ohio, December 30, 1930. 
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however, furnish an excuse for any less care than with puie tu tines in 
excluding organisms foreign to the given mixtures. 

A small beginning in this line of research has been made by 'VcU ious 
workers, but there appears to be a wide-open field for more invesligcdion 
ill this subject, especially in plant pathology. 

There are two phases out of many possible ones in this sub j eel that. ! 
believe ivill be highly productive of results in research: (1) tlie stiulv it) 
a quantitative as well as qualitative way of the effect of known ittixturos 
or eonihinations of microorganisms in culture media; (2) the study in tlie 
same way of the effect on development of disease by inoculation oi plants 
with known mixtures of microorganisms. A considerable number ot pul)li- 
eations have appeared bearing directly or indirectly on the first phase oi 
the subject, hut only a limited amount of literature has been found on tlie 
second- 

The literature on the effects of association of organisms in eiiltures has 
been recently reviewed by Buchanan and Fulmer (2), especially inr bac- 
teria; by Porter (16) ; and by Machacek (10), especially for fungi. 
type of association in which different organisms, growing together, bring 
about effects which any one of them growing alone is unable to accoiii|)lis}i 
has been called ^ ‘ synergism ’ ^ by Holman and Meekisoii (9). Some striking 
examples of synergism may be mentioned. 

Waksman and Lorn anitz (24) have shown that Baciervmn eerra.s* anil 
Bad. fluorescens, growing together, can bring about formation of iiinnionia, 
from i)roteins. The first can act only on the protein to form amino iicids, 
the second only on the amino acid to form ammonia. 

>Shernian and Shaw (21) found that the rate of fermentation of lactose 
to form propionic acid was speeded up very greatly by the cranliiaal ion 
of either BireptoccoccAis ladicus or Ladolyacillns easei with Bavlerhim 
acidi-pToiyionici. 

Marshall and Perrand (11) found that more than half of the organisms 
usually present in milk, when grown in combination witli lactic, miinro™ 
organisms, accelerated the growth and the action of these lactic-acid forniio’s. 

Cellulose decomposition was found by Sanborn (18) to be greatly aided 
by the association of certain microorganisms in a cellulose in.ediiim with 
C elliilomojias folia. The cells of the associated organisms were ttioiight to 
furnish some essential food substances which stimulated the growtli and 
phj^siologieal efficiency of the cellulose destxoyei\ 

Examples of both accelerated and retarded or inhibited growth in mixed 
cultures of fungi as compared with growth of one alone were found by 
Harder (8) and by Zeller and Schmitz (25). Harder has given a good re- 
view of the literature preceding 1911. In Alternaria cultures Elliott (4, 
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p. 463) noted profound effects on the growth and form of the hyphae when 
certain bacteria were present. 

It was determined by McCormick (12) that the fungus Thielavia Iasi- 
cola, when gTOwn in pure culture, usually failed to produce perithecia but, 
wlien combined with certain other fungus species, perithecia were readily 
formed. The same relationship between species of Ascobolus and certain 
bacteria was found by Molliard (14). 

Machacek (10), in carrying out a large amount of quantitative work 
with diff'erent pairs of fungi in cultures, found examples of (1) mutual 
tolerance and (2) partial or complete inhibition of one by its associate, 
the degree of inhibition depending somewhat on temperature and number 
of spores. Many other examples of synergism or associated action might be 
mentioned in connection with bacteria and fungi in cultures. 

In the second phase of the subject — ^tkat of the effect of known mixtures 
or c()nd)inatioiis of orgaidsms on the occurrence and development of dis- 
eases— tlie literature appears to be rather limited, although the idea is by 
no means new and, recently, is receiving more attention. Some examples 
tliat I liave been able to dud, including those of my own experiments, will 
be mentioned. 

In Florida^ Fawcett (5), found that Diplodia Q%afalensis and Colleio- 
frichoun gloeosporioides, inoculated simultaneously in slight 'wounds in 
citrus bark, produced mucli more marked effect than when each was ap- 
plied alone. Tlie same was true of a combination of PJiomopsis diri, 
I). nadalmMs, and herharmn var. ciiricolum. Later, in Cali- 

fornia, tlie same author (6) showed that inoculations of Fhyiophihora 
ciirophtlwra^ combined with FusaHimi sp. produced much more rapidly 
eulargiiig lesions of Pythiaeystis gummosis than did the inoculation with 
Fhyio'pkthora citriypkthofa alone. The Fusarimn sp., when introduced 
alone, was unalile to advance at all in this wounded hark. This was a ease 
of a sapropliytic organism greatly aiding a parasitic one. The opposite 
effect, or negative synergism, was shown when mixtures of the walnut 
Melaxiima, fiingus, Dotkiorella fjregaris, and the walnut blight bacterium, 
Ps(mdofihonas juplandis, were inoculated into large walnut branches (7, 
p, 38). Tlie mixture resulted in an almost complete inhibition, no lesion 
being formed, while Z). gregaris alone was capable of producing large 
lesions, some of which girdled and killed the branches. 

In line witli this latter effect are the results recorded by Millard and 
Taylor (13) with potato scab. They found that a mixture of a pathogeiie, 
Actinomyces scaMes^ and a saprophyte, A. p)raecox, in soil in pots reduced 
the ()( 3 currence of scab sometimes to a negligible amount as compared with 
action oF 11i(3 jiarasite when applied alone. Great inhibition in the infec- 
tion of wlusit, stMHlIings was reported by Porter (16) as the result of mixing 



548 


Phytopathology 


[VoL. 21 


certain bacteria in the same soil with Helminthosporium and delay in the 
infection of flax seedlings by mixing bacteria with Fusarium in the same 
soil. At the Des Moines meeting of the American PhytopatliDlogical 
Society, Plakiclas (15) stated that a mixtnre of nine strains of Pytliinin 
was less severe in producing a root rot of strawberries in Louisiana tlian 
any one of the pathogenic strains alone. Bamberg (1) reported at the 
same meeting that an inoculum containing a mixture of TJsiilago and 
a certain bacterium almost entirely failed to produce smut in niaii^e. 

Not to neglect the field of virus diseases, a certain type of streak disease 
of tomatoes has been reported by Dickson (3) and Vanterpool (23) and 
confirmed by others, to be produced by a mixture of potato-mosaic and 
tomato-mosaic virus. That other virus mixtures may produce effects not 
accomplished by either component alone has been recently reported by 
Yalleau and Johnson (22). 

The most extended recent work with mixed inoculations appears to be 
that of Machacek (10) on apple fruit and that of Savastano and Fawetdt 
(19) on citrus fruit. Machacek obtained with apple-rot fungi an inerea.se 
of decay with some mixtures and a decrease with others, depending to some 
extent on the temperatures. The results of the mixed inoculations of 
Savastano and Fawcett (19) showed striking examples of (1) both 
accelerating and depressing effects of certain mixtures as compared witli 
the effect of any one of the organisms acting alone; (2) the selective effect 
of temperature, in many cases enabling one organism in a mixture to 
dominate the others in producing decay; (3) the influence of certain mix- 
tures on changes in color or consistency of decay. Great aceeleratiou was 
produced by most of the mixtures containing Oospora (diri-aiirmifii and 
some retardation with most mixtures containing Boiryiis cm&rea<. 

During the past year Savastano and Fawcett (20), in eoiinection witli 
mal seeco of citrus in Sicily, found that infection was inlvibited or su|)“ 
pressed by a mixture of Deuteropkoma iracJievphila and Fitsariufii sp., tlie 
former alone being able to invade the wood rapidly. 

This acceleration or depression of disease caused by a mixture of oi'giiu- 
isms probably is related in many eases to the combination of enzymes tlial; 
are present and their action in making food materials for growth available 
or in producing inhibiting and accelerating substances. The real causes 
for these phenomena need careful investigation. 

I suspect that many plant diseases are influenced by associated organ- 
isms to a much more profound degree than w^e have yet realized, not only 
as to inhibition, but as to acceleration, of the processes. It may be that a 
number of diseases may require an association of organisms for their 
occurrence and cannot be produced by infection of one organism alone. 
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These considerations appear to indicate an inviting field for much more 
extended research. Work Avith mixtures, however, will not make the 
already (anuplex problem of plant pathology as a whole any easier or less 
comifiex, but it may throw much light on certain relationships, relation- 
ships Avhich will probably never be discovered by the use of pure eultures 
of single orgaiii.sm.s. We cannot, therefore, in my judgment, avoid enter- 
ing actively into thi.s largelj^ unexplored field. 
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SOIL CULTURES FOR THE LABORATORY PRODUCTION OF 
SCLEROTIA IN PHYMATOTRICHUM OMNIVORUM^ 

B . F . Dana 

Tile prodiietiori of true selerotia in pure eultnres of tlie cotton root-rot 
fuiiguf:?, Fhymwtotriolvum onmivor'iim (Shear) Duggar, was first reported 
by King and Loomis (2, 3) and later by Neal (4) and Tanbenhaus and 
Eiiiekiel (6). These workers used pure cultures as sources of inoculum and 
sterilized mixtures of soil, sand, and plant materials as media. In these 
cultures, the fiingus was not obliged to compete with other organisms. 
The eonditions under which selerotia developed were entirely artificial and 
not directly comparable wdth the conditions under which selerotia are 
produced in nature. 

It is tlie purpose of this joaper to describe cultures, brief mention of 
wliicli appeared in an earlier jDopular report (1), more nearly approxi- 
mating field conditions than those noted above. The work herein described 
paralleLs, in part, that of Tanbenhaus and Ezekiel (5, 6). 

Non-sterilized field soil of suitable moisture content is used as a medium. 
In this is ])laced tlie inoculum, which consists of newly-diseased roots of one 
of the many susceptible plants. The use of soil and diseased plant parts 
witliout special preparation is especially simple. The results vary with 
the different materials used and other fungi, as well as insects, are trouble- 
some at times. The ready and abundant production of selerotia, however, 
and tlie adaptability of these cultures to the study of field factors affecting 
sclerotial production make it seem desirable to describe in detail the 
metliods used and results secured. 

MATERIALS AND TECHNIQUE 

Contamers: Erlenmeyer flasks, damp chambers, and fruit jars of various 
kinds and many otlier types of glass jars have been used. Square mason 
fruit jars (Fig. 1, B) of quart and 2-quart capacity have been used most 
extensively because of their availability and reasonable cost. The glass 
coiitaiiier permitted ready examination of the development of the fungus 
among tlie exposed soil particles. The square container also permitted 
better elose-up photographs than round or irregular containers and packed 
more conveniently into incubators and culture chambers. An ordinary 

1 Presented at the. 1930 meethig of the Southwestern Division of the American 
Association for the Advancement of Science and published with the approval of the 
DiTBctor as Contribution No. 126. Technical Series, Texas Agricultural Experiment 
Sta.tion. 
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FiGt. 1. Soil cultures. A. Cracker jar showing strand growth from cotton inoi'uluni. 
B. Mason jar showing young selerotia. C. Cracker jjir showing 
strands and young selerotia. 


commereial cracker jar (Fig. 1, A and C) of about 2-quart capacity pro- 
vided with loosely fitting cover was used to some extent, in tlie use of 
fruit jars the regular mason cover was used witliout rubbers, for tlie cul- 
tures seemed to develop a little better if the jars Avere not sealtMl. A 
wooden frame with glass sides was constrncted for photographic and exhi- 
bition purposes. For one experiment a case, much like a museum case, was 
built up of pieces of glass 18 inches square made tight at the corners with 
strips of paper. Containers made entirely of wood or metal w('re not em- 
ployed because of the difficulty of examining the ])r ogress oi 11 h‘. (uilture. 

Fi^eparation of culhtres: The first cultures to produee an a.buii(lance of 
selerotia were set up June 5, 1929, in cracker ja,rs of al)()Ut 1.5 liters 
capacity and provided with a loose-fitting lid, Houston bla(‘l<-clay soil wit h 
a moisture content of about 30 per cent was loosely juuduul into tlies(‘ jai‘s. 
Diseased carrots furnished the most readily available ijifect.iMl roots. Ihitsse 
were placed in the soil as the jars were being filled. The (niltiiri^s tlnis set 
up were incubated in the laboratory at room temperature, whicli was then 
near 27° C. 

New strand growth appeared within 24 hours and spread rapidly over 
the soil particles close to the glass. These strands were, at first, wiiit(\ later 
turning darker and finally becoming brownish. At the end of 5 days 
selerotia began to appear in these cultures as swellings in the thicker ])or- 
tion of the strands. These newly-formed selerotia Avere at first Avhite 
(Fig. 2, A), turned brownish after a few days, and became reddisli brown 
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(Fig. 2, 1:>) when finally mature. The sclerotia thus formed were yariously 
elustered and lobed and covered with short hyphal branches. In many 
strands the sclerotia were formed at intervals and i^resented an appearance 
not unlike a string of beads. In size these sclerotia ranged from those a 
little tliieker than tlie strands to those 2 to 3 mni. in diameter. With 
cotton inoculiiin many were formed wliieh measured as mu eh as 5 mm. in 
diameter. 



Pio. 2. Scleratial ileveloptnent in soil cultures. A. Young strands and sclerotia. 

B. Mature sclerotia. 


Inoculum: As already stated, diseased carrots were used as inoculum in 
the first soil cultures to produce sclerotia. Carrots produced the largest 
number of sclerotia, while diseased cotton roots produced larger, although 
fewer, individual sclerotia. Diseased roots of many other plants also were 
tested, but none of them has compared with cotton and carrot inoculum in 
the production of large quantities of sclerotia. 

The condition of the diseased root "was found to be important. Best 
development of strands and sclerotia was secured from roots with well- 
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established infections, although with both carrots and cotton tJie best i*e- 
suits were obtained from roots which were not completely covered by the 
fungus. Eoots wdth incipient infection w^ere found unsuitable, since tlie 
fungus failed to make further development after the root was distiirlMHl. 
Also, roots that had stood in the field until fungus development was (diet-k(Mi 
failed to show any new growth of the organism. This Acas particularly 
noticeable in roots procured after the disease was cheeked by the codIim* 
fall weather. When the fungus w^as in an active condition it sliow'cd a 
greater tendency to send out strands over the surrounding soil. 

Comparative studies indicate that an abundant supply of food inaterial 
promotes mycelial-mat development, wdiile a substratum less ricli in food 
materials promotes strand and selerotial development. Sliced healthy car- 
rots and sterilized cottonseed meal were added to soil 'witli diseased-carrot 
inoculum. In those cultures not invaded by Ehizopns and otlier fiiiigi tlie 
root-rot fungus made an extensive growth of loose mycelium at tlie expiuis(‘ 
of strand growTh and selerotial development. In this coxinection i1 may 
be noted that -weak corn-meal agar has promoted strand growth, wliiie 
sterilized corn meal has produced thick mats of inycelium witli no iiidi- 
■\ddual strands evident. The extension of strands in field soil Tvitli its 
meager food materials is indicated by the behavior of the fiingvis in the 
cultures under discussion. 

A lessened development of strands was secured, but a more extensive 
growth of loose wefts of mycelium took place with sterilized soil than with 
similar non-sterilized soil. In some of these cultures wdth sterilized soil 
sclerotia were entirely suppressed, although there was a copious develop- 
ment of loose mycelium. A further study of the food reciuirements of 
the fungus is being made which it is hoped may throw furtiier light on 
the behavior of the parasite in the field. 


MOISTURE REQUIR-EMENTS 

The behavior of the fungus in soils of different moistiirt^ content, wos 
studied by means of these soil cultures. The absolute mi)isturi‘ coritinrl for 
each lot of soil used was determined. It was possible to eonv^biln varia- 
tions in development of the fungus in different lots of the sann^ sell wilJi 
differences in moisture content. Tests also were run witJi tlie same soil 
to which were added predetermined amounts of moisture. One sncli test 
was set up on August 30, 1929, in which 6 jars were used for eaeli per- 
centage of moisture. The soil and water were thorouglily mixed befor(‘ 
the jars were filled. Soil, air-dried to a moisture content of 9 per cent, 
was used and moisture was added to bring the percentage up to 10, 20, 30, 
40, 50, and 60, based on the dry weight of the soil. 
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In those jars to which, 40, 50, and 60 per cent of moisture had been 
added, g'rowtli of the fungns was scant and was confined to the top surface 
of the soil. Free water collected in all these jars, indicating complete 
satiiration of the soil. Slight growth, took place in the jars with 10 and 
20 per cent nioistnre, but it was confined to the vicinity of the carrot in- 
oculuin. The inost (extensive growtli of the fungus appeared in the jars of 
soil with, do ptu' (UMit moisture, which indicated that this was the most 
favorable moistina^ ('.ontent for the soil used. 

The Houston black-clay surface soil used in the above experiment has 
been found to liave a mucli liigher moisture-holding capacity than the un- 
derlying subsoil. It is evident that the optimum moisture content would 
vary in different soils and would bear a relation to the available water 
present. 

TEMPERATURE REQUIREMENTS 

Tile first sclerotia produced were developed in the laboratory at a period 
wlicn the mean daily temperatures ranged between 21 and 27° C. Later 
in the year almost no sclerotia! production took place in soil cultures in- 
cubated at laboratory temperatures ranging from 5 to 21° C. 

Many eiiltures were run in an incubator at constant temperatures. At 
38° C. no sclerotia were formed; a few were formed at 32° C., but a very 
eopious production took place at 27° C. Prom this preliminary work it 
is evident tliat tlie temperature range favorable for the production of 
sclerotia in soil ciiltiires of this type lies between 21 and 32° C. It is 
interesting to note tliat at depths of 6 to 24 inches, at Substation No. 5, 
Temple, tlie soil tempBratiires fall witliin this range during the period of 
tlie year when root rot is active. 

OTHER APPLICATIONS OF SOIL CULTURES 

Asi(h‘ fi'orn a, study of tlie factors involved in the development of 
sclerotia, soil cviltur(‘S liave been used in testing soil disinfectants. Organic 
inercury, Heinesan, mixiui witli the soil, has inhibited both strand develop- 
ment and si'lerotial fitrination. The cultures have also been used to test 
the dui'ation of tin? [jrotective action of various chemicals added to the soil. 
For tills piirjiDse. soil from treated plats was collected after the treatment 
liad slood for a pmhod. The soil cultures are adapted also to the labora- 
tory t(‘siing of the effect of fertilizers and soil-ameliorating treatments on 
strand and sclerotial development of the root-rot fungus under field con- 
ditions. 

SUMMARY 

A method is described for culturing Pliymatoiridium om^iivorum in 
wliich non-sterilized soil is used as medium and newly-diseased roots as in- 
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oeiiliim. This type of eiilttire appears to be well adapted to a study of 
the moisture and temperature requirements for the produetion of strands 
and sclerotia in the cotton-root-rot fungus, P. omnivorunif under conditions 
comparable to those found in the field, and to test the effectiveness of eliem- 
ieal and fertilizer applications in cotton-root-rot control. 
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THE OCCITERENCE OP VIOLET ROOT EOT IN CENTRAL TEXAS 

B, P. Banaand S. E. WoLrr 


During’ tlie summer, fall, and early ranter of 1929, violet root rot, caused 
by BMzoiytoma crocorum (Pers.) DC.,^ was found prevalent in several loea- 
tions along the courses of the Little and Leon rivers in Bell County, 
Texas. Preliminary examination indicates that the disease may be gen- 
erally distributed in the soils along these rivers. 

Diseased plants were found in the wooded areas which spread back from 
tlie river for a distance of a few rods to half a mile and in the adjoining 
margins of cultivated fields. The soils of these areas are highly calcareous 
and vary from clay to clay loam. They are not -well drained and are sub- 
ject to overflow during iDcriods of high water. The vegetation consists of 
tlie usual water-course inhabitants. Where the wooded areas are rather 
wide Ilicoria pecQn Britt, and Zllmais americanalj, are the dominant species. 
Societies of shrubs and herbs (Fig. 1, A) are, likewise, pronounced in these 
areas. Near the stream bed Balix nigra Marsh. (Pig. 1, B) is the prevail- 
ing species, the iridividuals of which usually form a dense stand. 

The disease did not appear to be selective but was present on nearly all 
tlie species of plants growing in the affected areas. All of the species listed 
below supported mycelium of the fungus, although not all were killed. In 
many cases part of the root system of a plant was killed, but the remaining 
part was able to support the individual plant. Onl}^ those species clearlj^ 
parasitized by the fungus are listed in the table. Since only a limited 
examination of these river courses has been made, it is very possible that 
more species can be added to the list. 


Hosis for Eh% 

Anibrosm aptera DC. 

Diap ediiini 'bracMainm (Pursh ) 
Kiintze 

Malvavisms dfnimunondii T. & G. 
Melia azedarach L. 

Mortis sp. 

Parthenocissus quinquefoUa (L. ) 
Planch. 

Phytolacca dec an dr a L. 

Rhus radicans L. 


octonia crocorum 

Rulac iexana (Pax) Small 
Salix nigra Marsh. 

Sambucus canadensis L. 
Smilax bona-nox L. 

Solamim elaeagnifolium Cav. 
Verbesina virginica L. 

Yiola missouriensis Greene 


1 Presented at the 1930 meeting of the Southwestern Division of the American Asso- 
eiatioii for the Advancement of Science and puhlislied with the approval of the Director 
as Coiitrihntion No. 125, Technical Series, Texas Agricultural Experiment Station. 

2 Specimens of Melioo'basidium 'purpuretwv (Till.) Pat., the perfect stage of this 
fungus, liave been found in the same area since this article went to press. 
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Fig. 1. A. Wooded area along Little River showing a dense layer of partially 
defoliated American elder, SamMLcms canadensis, and eommon pokeherry, Phytolacca 
decandra. Violet root rot 'was found seriously affecting these and otlier species in this 
area. B. Area just above stream bed of Leon River showing dense stand of black 
willow, Salix nigra. Violet root rot was killing roots of willow in the area witliout 
causing death of affected trees. 

In tlie areas with abundant moisture the fungus was prevalent on )*oots 
in the first 4 to 6 inches of soil. In one dry area at the edge of a (iulti- 
vated field the fungus was not present on roots near the surface, altliough 
the plants had died. On digging to a depth of 16 to 20 inches niyceliiim 
was found in abundance. This would indicate that the fungus parasite is 
favored by ample moisture. 

Examination of the Plant Disease Survey records does not show previous 
reports of the violet root-rot disease in Texas, and specimens of several 
species sent to the OlBce of Mycology and Disease Survey were reported to 
be new records for the United States. 


PHYTOPATHOLOGICAL NOTES 

A.ddiiionQjl cZaftz on the range and prevalenoe of Lima-1) ean seal ). — 
Mexico is to be added to the known geog-rapliie range of scab of the Lima 
bean, fornierly reportecL on this host only in Cuba and Porto Kieo. Such 
distribution of the disease is shown by a number of specimens of green 
iinshelled Lima beans referred to the writer for xeriheation of the diagnosis 
by officers of the United States Plant Quarantine and Control Administra- 
tion and taken by inspectors of the Administration, from Mexican ship- 
ments entering the United States at Nogales, Arizona, in January and 
February, 1931. The shipments were said to be from Caimanero, La Cruz, 
Kosales, and San Bias, in the department of Sinaloa. On the whole, the 
lesions on the Mexican specimens are smaller and less mature than on those 
intercepted from Cuban shipments received in New York during the same 
period, this year, and are suggestive of the younger lesions on pods from 
Cuba received early in the shipping season, wdiieh began in November. The 
continued prevalence of the disease in Cuban commercial fields is indicated 
by the infected pods, from occasional shipments, that have been deposited 
in the Office of Mycology and Plant Disease Survey of the Bureau of Plant 
Industry. For reference here it may be stated that during the past fiscal 
year 2,998,641 poxuids of green unshelled Lima beans were imported into 
the United States from Cuba, 269,627 pounds from Mexico, and a much 
smaller amount (18 hampers) from Porto Rieo.^ For the present, at least, 
the pathogene of this disease is identified as Elsinoe canavaline Rac.® 
— Anna E. Junkins, Bureau of Plant Industry, Washington, D. C. 

Color variations in Aplanohacter michiganense. — A white strain of the 
normally yellow organism, Aplanohaoter michiganense, the cause of bac- 
terial canker of tomatoes, was reported by the writer in 1929. A second 
color variant has recently appeared, this time directly from bird’s-eye spots 
on green tomato fruit, identically like those produced by the yellow and 
white strains of A. michiganense. This variant is shell pink, becoming 
salmon, on Tliaxter’s potato-dextrose agar; apricot buff on beef agar and 
potato cylinders. It produces fruit spot and wilt of the tomato tj^ical for 
A. mjkJvigwnense and is pink on reisolation from such lesions. It is less 
rirulent than the yellow strain; is nonmotile and Gram-positive. Com- 
parative w^ork on the three strains is in progress. — Mary K. Bryan, Bureau 
of Plant Industry, Washington, D. C. 

1 Jenkins, A. E. Lima-lbean scab caused by Elsinoe. Jour. Agr. Ees. 42: 13- 

23. 1931. 

2 United States Eepartment of Agriculture, E-eport of the CMef of the Plant Quar- 
antine and Control Administration, August 15, 1930. 

3 ZoG. ciit. See footnote 1. 
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REPORT OF THE TWENTY-SECOND ANNEAL MEETING OF THE 
AMERICAN PHYTOPATHOLOOICAL SOCIETY 

THE CLEVELAND MEETING 

Tlie Anicriesai Phytopatkological Society held its tweiity-aecioiid annual meeting 
from December 3()th, 1930, to January 1, 1931, with an attendance of about 200. 

Uie S3 papers delivered before the Society's several sessions may be grouped as 
follows: General and invitation papers, 4j vegetable diseases, 22,- cereal diseases, 20,* 
fruit diseases, 10; tobacco diseases, 6 ; diseases of miscellaneous crops, 21. Full abstracts 
of most of tlie paiiers ])resentBd at this nieeting appeared in Phytopathology for 
January, 1931. 

Two joint sessions were held, one with Section G of the American Association for 
the Advancement of Science and the other — designated as the Heinrich Anton de Bary 
(1831-1888) Centenary Memorial program — with the niyeological section of the Botan- 
ical Society of America. A si)ecial session was held on extension work in j)lant 
liathology, with special emphasis on methods and agencies used in reaching the j)eDple. 
The last part of tlie session on tobacco diseases was devoted to discussion of symptoms, 
diagnosis, and control of tliese diseases, and several of those in attendance presented 
specimens, photographs, and stereopticon slides. 

Approximately 221 pathologists and their friends assembled for their annual dinner 
on Tuesday Bveniiig. Eetiring-President II. S. Fawcett introduced W. H. Weston, Jr., 
as toastniaster. A selection of songs and several stunts" were followed by a dis- 
cussion of the proposed gift to the Imperial Mycologieal Institute in recognition of the 
work of E. J, Butler and his associates, by L. E. Jones, Donald Eeddick, and others. 
Motion pictures portraying agricultural activities in the Union of Socialistic Soviet Ee- 
publics, e.xhibited by J. G. Dickson, coiududed the dinner program. 

OITFICERS AND REPRESENTATIVES 

The following officers were chosen: 

President, M. W. Gardner, Purdue University Agricultural Experiment Station, 
La Fayette, Ind. 

Vice-President, L. M. Massey, Cornell University, Ithaca, N. Y. 

Councilor, G. W. Keitt, University of Wisconsin, Madison, Wis. 

Associate Editors (tliree years), Charles Dreelisler, U. S. Department of Agriculture, 
Washington, D. C. ; G. L. Peltier, College of Agriculture, University of Nebraska, 
Lincoln, Nebr. ; L. 0. Kunkel, Boyce Thompson Institute for Plant Eesearch, Inc., 
Yonkers, N. Y.; and F. I). Heald, State College of Washington, Pullman, Wash. 

Jhisiness Manaf/er (one year), P- C. Meier, Bureau of Plant Industry, Washing- 
ton, I). C. 

Adneriising Manager (one year), J. F. Adams, Agricultural Experiment Station, 
Newark, Del. 

Pepresentatives on the Council of tEe American Association for the Advancement of 
Science (one year), D. Eeddick, Cornell University, Ithaca, N. Y. ; and C. W. Edgerton, 
Louisiana Agricultural Exiieriment Station, Baton Eouge, La. 

Memher of the Board of Governors of the Crop Protection Institute (three years), 
J. F. Adams, Agricultural Experiment Station, Newark, Del. 

Elector to Assist in Naming a Group Bepresentative for Grou%} V, Division of 
Biology and AgricAdhire, National Besearch Council (three years), A. J. Eiker, Uni- 

51)1 
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versity of Wisconsin, Madison, Wis., alternate, John W. Koherts, XJ. S. Department of 
Agriculture, Washington, D. C.; Representative on the Committee of the American 
Type-Culture Collection (term 3 years, beginning Jan., 1929), C. L. Shear; Eepresenta- 
tive on Editorial Board of the American Journal of Botany, B. 0. Dodge; Repre- 
sentative on the Committee on Cooperation with the Board of Editors of Biological 
Abstracts, H. P. Barss. 

The following temporary committees Avere appointed to serve throiiglioiit the 
meetings : 

Auditing Committee, R. S. Kirby and Donald Eolsom. 

Committee on Elections, J. S. Wiant, H. T. Cook, and J. A. Trumbower. 

Co 7 nmittee on lie solutionis, H. W. Anderson, B. E. Smith, and (x. W. Keitt. 

REPORT OF THE SECRETARY-TREASURER, 1930 

The Society iioiv has 747 members in good standing. We Imve 173 life members— 
86 paying currently and 87 paid in full — and 574 annual regular members. 

During the past year Ave have lost 58 members and one has been reinstated. Ot the 
58 lost, 39 have been suspended for nonpayment of dues, 13 have resigned, and 5 
liaA^e died. 

There are 81 applications for new members and, if these are elected, tliis will bring 
our membership up to 828. Nbav York leads Avith 14 applications and Wisconsin fol- 
loAvs with 6. It is interesting to note that there are 14 applications from Japan and 
3 from India. 

STATEMENT OF ACCOUNTS FOR 1930, AS OF DECEMBER 17, 1930 

Beceipts: 

Balance from 1929 .ii2,702.28 

Annual dues: 1925 $ 10.00 (life) 

1926 10.00 (life) 

1927 10.00 (life) 

1928 22.00 ($ 10 life) 

1929 41.75 

1930 1,790.22 ($260 life) 

1931 2,314.13 ($610 life) 

1932 12.40 ($ 10 life) 


1933 10.00 (life) 4,220.51) 

Interest on checking account 44.83 

Donations to Lyman Memorial Fund received Avith dues 11.00 

Excess dues .50 

Sales received AAuth checks for dues 2,91) 

Refund for photos of Des Moines meeting 1.51) 

Typing list of members for Dr. Sehaffnit 4.70 

Butler Fund donation received Avith dues .50 

Total receipts : ^ $6,988.71 

Expenditures : 

Member subscriptions transferred to Phytopathology (1930) ... $1,500.00 

Transferred to Phytopathology for Sinking Fund 1,374.00 

Secretarial work 

Expenses of Secretary-Treasurer at Des Moines meeting 24.89 

Postage and x^rinted stamped envelopes 123 83 
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Printing (abstraets, menus, letterheads, preliminary announce- 


ments, application and nomination blanks, bills) 124.73 

Telephone and telegraph 15.17 

Office supplies 4.27 

Stencils and envelopes for press service 8.55 

Checks returned by bank 25.00 

Charges for collection of cheeks ■. 1.40 

Donations transferred to Lyman Memorial Fund 6.00 

Donations transferred to Butler Fund ($1.00 not yet dep.) 1.50 

Sales transferred to Phytopathology .60 

Photos of Des Moines meeting 1.50 

ISrational Kesearcdi Council Yearbook 1.00 

Eriksson Prize and fee 50.50 

Balance as shown by bank statement attached 3,182.07 


SUPPLEMENTARY STATEM;ENT 


$6,988,71 


Balance as above stated $3,182.07 

Pl us : 

Estimated income for 1931: 

From annual regular members $280.00 

From life-sustaining members 27,00 

Interest on checking account 45.00 


$352.00 352.00 $3,534.07 


Less : 

Amount due Phytopathology: 

For member subscriptions, 1930 766.00 

1931 1,607,30 

Other years 44.92 2,418.22 


Due Sinking Fund ($6.00 per life member) : 

1925, 1926, 1927, 1928 24.00 

1930 12.00 

19311 366.00 402.00 


2,820.22 


Total estimated income for 1931 $ 713.85 

Based on 1930 expenses, expenses for 1931 (excluding Sinking Fund and 

member dues to Phytopatholouy) will be 952.50 

This would leave a deficit of $ 238.65 


During the past year, of the $10,00 paid by each life member, $6.00 has been trans- 
ferred to the Sinking Fund and $4.00 to Phytopathology, leaving none of the 
income from the life-sustaining members^ payments for working funds for the 
Society. It is evident that a new allotment of funds must be made, both in the 
case of payments of life members and aiinnal members. 

Respectfully submitted, 

F. C. Secret ary -Treasurer. 

1 As a result of action of the Council the amount to be credited to the Sinking 
Fund for 1931 will be $5.00 for each life-sustaining membership payment instead of 
$6.00 as indicated above. 
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REPORT OF THE BUSINESS MANAGER OF PHYTOPATHOLOGY li^OR 1930 
STATEMENT OF ACCOUNTS FOR 1930, AS OF DECEMBER 17, 1930 


Receipts: 

Balance from 1929 $ 487.14 

Subscriptions, 1930 2,503.39 

Subscriptions, 1931 904.29 

Subscriptions, other years 178.79 

Sales of back volumes and numbers 62.5.16 

Sales, Phytopathological Classics .42 

Advertising, 1929 9 lS.31 

Advertising, 1930 981.47 

Interest on Sinking Fund 376.75 

Donation from National Academy of Sciences 500. 0(3 

Member subscriptions for 1930 (part) 1,500,00 

Transferred from Am. Pliytopatli. Soe. for Sinking Pirnd 

($6.00 of each lif e-sustaining-inember iiayment) 1,374.00 

Principal paid on first-mortgage notes 750.00 

Boyce Thomiosoii Institute, cost of Wilcoxon-McCallan article 192.18 
State College of ‘Wasliington, cost of cuts in Kienliolz-Heald 

article 31.49 

Member dues received with subscriiotion 5,00 $10,51) (8.39 


Expenditures : 

Manufacturing Phytopathology : 


Yol. XIX, No. 12 

$ 528.48 

Yol. XIX, Index 

149.47 

Yol. XX, No. 

1 

789.84 

No. 

2 

343.73 

No. 

3 

371.87 

No. 

4 

552.84 

No. 

5 

629.52 

No. 

6 

349.31 

No. 

7 

375.04 

No. 

8 

491.77 

No. 

9 

401.16 

No. 

10 

505.60 

No. 

11 

372.52 

Yol XX, Cuts 


539.25 

Postage 

404.32 


Secretarial work 

$6,895.72 $6,895.72 

Expenses of Editor in Chief 

81 90 

Subscriptions refunded 

on m 

Postage 

Expenses of Advertising Manager 


Sinking Fund invested 

0 01 7 1 ^7 

Mailing lists ^ 

Foreign draft and check returned 


Supplies ($23.85) ; printing bills ($17.40) 
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XT. S. Beet Sugar for error in remittanee 10.5 D 

Balance sliown by bank statement attaeliei 1,083.26 $10,508.39 


Last year our cash balance in the Phytopathology account was $487.14, this year 
it is $1,083.2(5, of wliieh $124.00 belongwS to the Sinking Pund. We have paid for eleven 
nuuibers of the 1930 Journal and in so doing have not used $766.00 of the amount due 
from tlie Society for 1930 Tnember subscriptions. The exioenses of the December imm- 
ber and Index will be approximately $750.00 and the eonimission allowed the Adver- 
tising Manager and his secretarial work amounts to $128.57. Thus, a small amount 
of 1930 expenses will have to come from 1931 receipts, but the amount is much smaller 
than last year, showiiig that the hiiancial condition of Phytopathology is better than 
it was a year ago. 

Much credit is due to Dr. H. B. Humphrey, Editor in Chief, for this improvement 
in the finaiieial situation of the Journal. By limiting the number of printed pages, 
cost of publication has been reduced and at the same time a high standard of excellence 
has been maintained. 

SINKING FUND 

Tlie Sinking Pund composed of six dollars for each sustaining life membBrship is 
now $7,026.00, of which $6,500.00 is invested in first-mortgage notes. Of the remain- 
ing $526.00, $402.00 is in the Society's cheeking account and $124.00 is in Phyto- 
fathology's checking account. 

ENDOW’-MENT FUND 

The endowment fund, established and named for Dr. George Biehard Lyman, noAV 
totals $1,837.49 in cash donations and pledges, not including 8 pledges of indefinite 
duration, ranging from $1.00 to $25.00 annually and totaling $75.00 annually. Of this 
amount, $1,310.49 is placed in a savings account with the McLachlen Banking Corpora- 
tion. The endowment-fund luncheon, arranged by the Iowa group during the 1929 meet- 
ing, added $219.00. During the year one member contributed his first fee received from 
professional services as a plant pathologist. The large number of member contributors 
is a couvincing expression of faith in the future of Phytopathology. 

STATUS OF SUBSCRIBEES 

Our edition of Phytopathology is 1,625, of which 1,251 copies are mailed to mem- 
bers and subscribers. The number of subscribers in good standing at the close of 
1930 is 500, of wliich 173 are domestic and 327 foreign. The number of subscribers 
lias increased by only two this year. This is largely due to the loss of a numher of 
subscribers from Japan and Russia. 

Respectfully submitted, 

P. C. Meier, Business Ma?iage7\ 

REPORT OF THE EDITOR IN CHIEF 

Through out the year 1930 the members of the editorial staff of Phytopathology 
have sought to improve the general excellence of our Journal. Closer and more critical 
attention has been given to the quality and scientific interest of the subject matter 
presented in each maiuiseript; a more rigid requirement has been set up and main- 
tained governing the character and presentation of illustrative materials accomiDanying 
each contribution; and the Journal has held with general consistency to the policy 
of accepting only those manuscripts that pertain to plant pathology. Papers of a 
strictly taxonomic nature have been submitted for publication in Phytopathology but 
have not been accepted. 
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The 20tli volume of Phytopatholo&y comprises 1,011 pages of printed matter and 
illustrations, classified as follows; Eiglitj-seven articles, 2 6 pliytopatliologieal notes, 
3 reports, the eoustitution of The American PliYtopathological Society, 4^ hook reviews, 
119 ahstraets, 1 plate, and 185 text figures. From January 1 to Peeemher 31, 1930, 
approximately 131 manuscripts of articles, reports, book reviews, etc., and 80 jiiaini" 
scripts of abstracts were submitted. Of this number, 21 were returned to tlieir authors 
for re’vfision, 10 rveie rejected, and 3 were withdrawn by their antliors. Of tlie severjil 
manuscripts received during 1930, 20 articles, 2 pliytopatliologieal notes, 1 book review, 
84 abstracts, and 2 ahstraets by title only are in press. About 30 per cent of the papers, 
exclusive of abstracts, presented in volume 20 of Phytqpathology were contributed 
solely or in part by employees of the United States Department of Agriciiltiire. 

The editorial staff earnestly solicits the cooperation of all, who submit manuscripts 
for publication in our Journal, in presenting the subject matter of their papers in ac- 
cordance with a carefully organized outline in which first things come first and in 
which tables and illustrations are accompanied by suitable and adequate legends. More 
attention should he given to piaragraphing one^s subject matter, and the sense of each 
paragraph should be made immediately available to the reader the moment he has read 
its first sentence. We must still urge greater care on the part of our contributors in 
the selection and use of only the very best illustrations. Too many photographs are 
mere blobs -which, when reproduced, show only vaguely or not at all the details 
the author fondly hopes may be revealed. Another thing we would urge upon our con- 
tributors: In all manuscripts accompanied by illustrations, the latter should not be sent 
loose in an envelope but should be arranged or mounted, by the author, in soinethiug 
like the order in which he wishes them to appear in the inihlished paper. Too niueli of 
such detail is left to the editor. Manuscripts in excess of 60 pages arc not to be 
encouraged, though if of exceptional quality longer ones will be accepted. 

It is desirable that our journal, become more and more truly internatioiial in its 
service. To further its progress in attaining such an aim, contributors who do not write 
in English are encouraged to submit manuscripts, preferably in German or French, ac- 
companied by a comprehensive resume in English. 

The editor wishes here to express due acknowdedgment of his appreciation of the 
excellent -workmanship and spirit of cooperation shown by The KSeience Press Printing 
Company in maintaining the mechanical and editorial standards of exeBllonce wliich 
characterize our Journal. Greater effort, however, is still necessary if we are to get 
each month’s issue into the mail bags by the first of the inonth. 

Thanks also are due J. Marion Shull for his expert aid in arranging and lettering 
the illustrative material and to Frances W. Todd for her invaluable clerical and eilitorial 
service. 

H. B. Humphrey, JUdilor. 

REPORT OP THE ADVERTISING MANAGER 

The advertising returns shoiv a slight increase over those received last year. For 

the twelve issues of Phytopathology published during the year 1930, tliere appeared 

a total of 119 advertisements distributed as follows: 47 one-page, 43 one-half -page, and 
29 one-fourth-page advertisements- The total advertising -was equivalent to 75 :[ pages, 
or an increase over last year of 6-| pages. 

The renewal of contracts for 1931 at this time shows a decrease compared witii 

the last five years. Soliciting for renewal of contracts is started in Septeniher and 

there appear to be considerable reductions in advertising budgets for 1931, as indicated 
by many old-line companies in failing to renew their contracts at this time. Tils may 
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be aiitieipated because of tlie general business depression and retrenchment. However, 
tliis is the time that greater cooperation of members is essential if we expect to main- 
tain a reasonable advertising business. This past year only one member in the entire 
organization wrote the advertising manager relative to a prospect. 

It is suggested that menibeivs write the advertising manager of any favorable pros- 
pects and, whenever in touch with eominercial representatives, mention the opportunity 
PhytopathoIjOOY offers as a practical inediiiin for advertising equipment and materials 
directly to tlie nienibers with, wlioin they wish to do business, 

J. E. Adams, Advertising Manager. 

COMMITTEE ON INVESTIGATION OF FOREIGN PESTS AND PLANT DISEASES 

During the past year this coimnittee has continued its activities in connection with 
furtliering atiidies on plant pests and diseases in foreign countries. We are fully con- 
vinced that sueh studies by specialists from onr own nation constitute the most logical 
approach to the problems concerned with dangerous parasites that are likely to be intro- 
dueed at any time from foreign lands. 

With the cooperation of Dr. J. H. Pauli, we have supplied Dr. Westerdijk at the 
Phytopathologiseh Laboratoriiuii at Baani, Holland, with species of American elms to 
be tested for their resistance to tlie Dutch elm disease and have been informed that 
our common Vlnvus america^ui is very susceptible. Eeports on other species will be 
forthcoming. 

Our efforts to secure provisions for the permanent recognition of this work, by 
tlie insertion of an item in the Congressional Budget, are being continued in cooperation 
with tlie Society of Economic Entomology. We are assured that our recommendations 
are being given serious consideration and that already the joint resolutions of the 
organized phytopathologists and entomologists have been influential in the decision of 
Federal officials to approve the expenditures necessary to send specialists to foreign 
countries for sucdi special purposes as securing parasites of the Mediterranean fruit 
fly, the Japanese and Asiatic beetles, Citrus black fly, and the corn borer, as well as 
for investigations on cereal and other diseases. 

As additions to the previous list of dangerous plant diseases which should be in- 
vestigated, we would add the Mai Seeeo disease of lemons which occurs in the Mediter- 
ranean region, the Beyond disease of the date palm in Morocco and Algeria, and the 
Elsinoo disease of beans in Cuba, the latter having been intercepted several times at onr 
ports of entry. 

C. B. Orton, Chairman, 

W. A. McCubbin, 

E. D. Prom ME. 

committee on quarantine AND REGULATORY WORK 

1. Your eonimittee would call the attention of this body to the growing need for 
thoiightful consideration of .many imjiortant and perplexing jirDblems in the field of 
State and Federal qiiaraiitine and regulatory work and would urge upon the Society 
as a whole and upon tlie membership individually a wider and deeper interest in these 
problems, to the end that we may more completely fulfill onr whole professional duty 
to the public interest. 

In this connection the committee ventures to suggest that the Society give due 
consideration to the policy of including in each yearns program some feature dealing 
with the quarantine and regulatory aspects of plant pathology. And, further, that a 
place be made from time to time in Phytopathology for articles of outstanding inter- 
est and iinportance on tliese matters. 
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2. Tlis committee presents for your consideration tlie followings resolution: 

f'Tliis Society believes that the success or failure of KState or Pederal action against 
sudden outbreaks of plant disease is often determined by the promtpness with wliicli 
suppressive or restrictive measures can be fully employed^ as well as by tlie rapidity 
with which the essential elements of these prohlems can be aseertaiiied. 

''This Society, therefore, declares itself in favor of an 'Emergeriey policy’ iiivolr- 
iiig (1) an emergency fund, protected by suitable safeguards and available only for 
emergency purposes; (2) arrangements whereby rapid and adecpiate svirveyB ciin be 
made on short notice; and (3) provision for sxich imniediate research as will develop 
the information necessary for intelligent action.” 

We move that this resolution be ado]3ted and that copies of the saine be sent to 
the Secretary of Agriculture, the Plant Quarantine and Control Aflministration, the 
National Plant Board, and the Society of Economic Entomologists. 

W. A. McOitbbin, CJiairman, 

Max W. Gardner, 

J. E. Adams. 

COMMITTEE ON EDITING PHYTOPATHOLOGICAL ABSTRACTS 

The committee on editing the abstracts suhniittecl for presentation at tlie annual 
meeting regards its position as intermediate between two extreme views which have 
been voiced or tacitly assumed by the Society membership: (1) Some hold that tlie (‘Oii- 
tributions made by these abstracts are either of minor importance, omhodying iiieom- 
plete or incidental work, or, if they contain really new and significant uiatorialj they 
will later be published in full and the Society is not warranted in standing tlie expense 
of duplicate publication; there are also some who attach much less importance to these 
abstracts than they do to the publication of a complete paper and even take laither 
lightly the responsibility assumed in making a eontrihutioii to scientific literature in 
this ’vvay. (2) Others frankly hold that the Society needs a clearing house, functioning 
at least annually, for the numerous miscellaneous items that interest the. members of 
the Society during the course of a year’s work, so that priority may he promptly estab- 
lished for a novel idea or so that the results of their Avork may at once be imt into 
circulation. 

These questions have been discussed at length and often Avith Avarmtli in previous 
meetings of the Society. Por the benefit of novitiates of the membership, as well as 
others who may have forgotten the past, the tn*esent arrangement of having all abstracts 
submitted to careful editorial scrutiny grew out of the argumentvS for and against tin* 
publishing of abstracts at the Toronto ineetiiig in 1922. Because of the extra work 
involved, a committee is apipointed to perform this duty instead of assigning it to the 
editor of Phytopathology, hut the committee works in close cooperation with tlie editor. 

Ont of the experience of revieAving a hundred abstracts each year for the past eight 
years, this committee has seen the need for correcting certain tendencies in the prepara- 
tion of the abstracts, such, for example, as tardy submissions; prolixity; ambiguity, 
especially in titles; and disproportionate use by different members of this privilege of 
immediate publication. They also have proposed certain rules governing the subinission 
of abstracts which haA^e been voted upon and accepted by the Society. These rules 
ought to he consulted and obserA-ed by all wdio present abstracts and, beginning Avitli 
this year, they are being published in the preliminary announcement of the annual 
meetings. 

When, occasionally, it becomes necessary to invoke these rules and reject an abstract 
or in other Avays restrict the privilege of publication, tlie members concerned sliouhl 
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realize tliat tlie action taken is approved by ,.a niaiority of, and usually by the entire, 
committee, after consultation with the editor and the secretary of the Society. 

UKSually only the defects of an abstract, and not all of them, are susceptible to 
legislative correction; the virtues can be pointed out and extolled but not prescribed 
for general adoption. The abstracts this year have been the best as regards submission, 
conformity to the 300-word limit, substance, and manner of presentation, that this .com- 
mittee has seen. It is felt that no further modification of the rules is necessary. How- 
ever, a few recommendations are offered which may help authors to avoid the sort of 
defects that can not be corrected by legislation. These follow: 

Historical reviews of literature, however pertinent to the new findings, are to be 
avoided. In nearly all cases an appropriate statement of the new findings will in itself 
tacitly put these findings into a sufficiently clear relationship to the body of knowledge 
already extant, pending more complete elaboration in a lengthy paper. 

Expressions of opinion as to what constitutes a point of interest, of importance, or 
of significance, either general or specific, are to be avoided. Efforts at evaluation, while 
highly appropriate for lengthy publications in which the ramifying implication of a new 
fact can be adequately dealt with, when attempted in a hold remark or in a number of 
flattering adjectives, very often convey only a somewhat exaggerated notion of the 
writer ^s immodesty. An appropriate statement of new findings should in itself express 
or imply both the measure of importance and the quality of interest attaching to those 
findings. 

Keferences to work under way hut, not at the time of writing, productive of signifi- 
cant results are to be avoided. Even more rigorously to he shunned are references to 
work not yet begun but contemplated in the future, as well as prophetic remarks con- 
cerning the profitableness of this or that line of investigation. 

Freeman Weiss, Chairman, 

J. W. Egberts, 

Annie B. Qravatt, 

Charles Erechsler, 

W. A. Whitney. 

committee on international relations 

Following thorough consideration at the Des Moines meeting of plans looking to a 
closer union of workers in the field o-f plant pathology, your committee sent copies of 
the tentative plan, adopted in principle, to as many pathologists as possible in other 
countries. Tlie response was so cordial that the organizers of the Cambridge meeting 
of botanists were asked for the privilege of bringing the subject forward for consid- 
eration at a formal session of the section My, Mycology and Plant Pathology, of the 
Fifth International Botanical Congress. 

At an informal conference at which at least 50 persons, representing perhaps half 
as many nations, were present, a discussion similar to that at Des Moines was held in 
which substantially the same conclusions were reached, namely, that plant pathology 
should have autonomy within the Botanical Congress and that some more formal inter- 
national organization than now exists is needed. At the formal session the proposal 
of The American Phytopathological Society was presented, whereupon three resolutions 
were adopted, the ^first two uf wdiich were forwarded to the organizers of the Sixth 
Congress which is to be held in PIqlland. 

1. That at the Sixth International Botanical Congress, plant pathology be givqii 

full sectional autonomy. 

2. That at the Sixth International Botanical Congress, mycology be given full 

sectional autonomy. 
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3. That an inteTnational standing committee be appointed to deal with urgent 
phytopathologieal needs that may arise between the Fifth and Sixth In- 
ternational Botanical Congresses. 

This resolution was adopted in the section My. It was sent to the plenary session 
of the Congress, proposed by Appel, seconded by E. Van Slogteren, and adopted. The 
officers of the section My appointed on the standing committee .E. J. Butler and Donald 
Beddick (Eeeorder) and gave them powder to co-opt members. 

An international council of plant pathology is thus established to serve a proba- 
tionary period of 5 years. Obviously, the number and the nature of the problems which 
are presented to this committee will he instrumental in determining the iiecessity for 
its continuance. It is too much to expect that the committee will of its own initiative 
search for work to do. The problems of international importance which individuals lay 
before the committee will receive attention from a group duly constituted for that 
purpose. 

A committee designated by The American Phytopathologieal Society should be con- 
tinued for the purpose of acting in an advisory capacity to the American representative 
on the international committee. 

E. J. Haskell, Chairman 

G. H. Coons, 

H. S. Fawcett, 

H. S. Jackson, 

Donald Eeddick, 

J. C. Walker. 

COMMITTEE ON PRESS 

Pollowing the plan inaugurated for a more adequate coverage of the Des Moines 
meetings, the Press Service again prepared paper-by-paper accounts of the Society’s 
several sessions and released to over ninety papers, magazines, and press associations a 
29 -page mimeographed sheaf of stories based on the abstracts of the meetings. 

While the Press Service has no "way of determining the use to which the releases 
were put, information received from time to time indicates that the service has been 
of value both to the recipients of the material and to the Society. Plana are under 
way, even at this early date, for the betterment of the material to be rolea,aed for the 
coming ISTew Orleans meeting. In this connection, the chairman wishes to express his 
grateful thanks to Mr. Don B. Eeed, day city editor of the Washington Post, and other 
members of journalistic profession for their valuable criticisms and suggestions. 

Tlie chairman also wishes to acknowledge his indebtedness to E. 0. Meier, Dr. W. J. 
Zaumeyer, and others for their kind cooperation in assembling and mailing the 1930 
releases. 

The report published (Science, n. s. 73 (1884:) : 156-157, 1931) of the twenty- 
second annual meeting of the Society was prepared by the Press Service. 

To the membership of the Society the Press Service makes an urgent plea— -not 
only for itself, but for the Committee on Editing Phytopathologieal Abstracts (of 
which, also, the chairman is a member) — ^for a greater amount of information in sub- 
mitted abstracts. Those of the past year were the best yet submitted; yet there is 
room for a vast improvement, for there are still many abstracts from which, to obtain 
a news story, the Press Service has to draw on its professional knowledge. To fulfill 
its aim ^to present in a form comprehensible to the newspaper reader the facts and 
discoveries of phytopathology — the Cooperation of the Society in preparation of adequate 
abstracts is requested. 


W. A. Whitney, Chairman. 
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COMMITTEE ON NECROLOGY 

DiiTing the calendar year 1929, there was one death not inalnded in the previous 
report, namely that of Mr. Maturin Livingston Delafield, who died December 18, 1929. 

During the calendar year 1930, there have been three deaths as follows: 

Dr. William Allen Orton, died January 7, 1930. 

Mr. Emil Grodfred Arzberger, died January 29, 1930. 

Dr. Nathaniel Orson Howard, died September 14, 1930. 

A. G. Johnson, Chairman, 

O. P. Clinton, 

M. B. Waite. 

REPORTS OF other COMMITTEES AND REPRESENTATIVES 

Eeport of Activities of the Division of Biology and Agriculture of the National 
Eesearch Council. The present year marks the end of the three-year period during which 
the writer has served as the representative of Group 5 of the Division of Biology and 
Agriculture. Group 5 includes The American Phytopathological Society and the Society 
of American Bacteriologists. During the latter two years your representative has also 
served on the Executive Committee of the Division. In all, some ten or twelve meetings 
of the Division and of the Executive Committee have been attended within the three-year 
period. According to the plan of organization. Group 5 will be represented during the 
next three-year period by an elector nominated by the Society of American Bacteriolo- 
gists, while the elector from The American Phytopathological Society will serve as 
alternate. 

The work of the Division is accomplished largely through its committees and 
affiliated organizations. Some twenty committees have been active during the present 
year. A complete report of the activities of the Division is prepared by the chairman 
and is included in the report of the National Research Council. The following items 
may be noted as of particular interest to The American Phytopathological Society: 

The Committee on the Effects of Radiation upon Living Organisms has secured 
funds from private sources for investigations in this field and during the current year 
has allotted a total of $22,850 to twenty-three investigators. A very large amount of 
apparatus also has been secured either as loans or as donations to investigators. A 
general survey of the field looking toward the development of a broad study of radiation 
is now under way through seven advisory groups each of which is considered a special 
division of the field. 

The Committee on Infections Abortion has established a central station at the 
Michigan State College for the study of the causal organisms of infections abortion 
and nndiilant fever. The work is made possible through gifts from the Commonwealth 
Fund and from other sources. 

A Committee on Microbiology of the Soil has been organized during the year. 

Publications resulting from the work of committees include a bulletin of the 
National Research Council entitled ^ ^Weather and Health,’’ whieli is an outgrowth of 
the work of the Committee on the Atmosphere and Man,* a booklet entitled 'Wolume, 
Yield, and Stand Tables for Second-gi*owth Southern Pines,” by the XT. S. Department 
of Agriculture, is the outcome of the work of the Committee on Forestry, which also has 
under way a compilation of the forestry literature of North America, which will include 
about 50,000 titles; a list of wild drug plants issued by the Committee on Pharmaeognosy 
and Pharmaceutical Botany; and a second edition of ‘^Biological Stains” has been 
issued by the Commission on the Standardization of Biological Stains. The book 
entitled “Plant Rusts,” by Dr. J. C. Arthur and others, which was sponsored in part 
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by tliB Division, lias a^lso beon published. The preparation of a series of bibliog;raphies 
in the biological sciences is under consideration by the Director of the Research Informa- 
tion Service of the N’atioiial Research Council. 

Funds available for fellowships in the biological sciences have been increased and 
the scope has been broadened to include agriculture and forestry. A total of seventy- 
two appointments has been made for the coming year. Considerable assistance to 
research in the natural and physical sciences has been available since 1029 through a 
special fund of $100,000, administered by the National Research Council. A total in 
excess of $75,000 has so far heen distributed in ninety-six separate grants. Of these, 
sixteen were for projects in the biological sciences. A portion of the fund has been 
set aside for the support of projects of a general nature which may be utilized for the 
calling of conferences on specific problems or fields of research. 

F. D, Fromme, 

Representative of the American JPliytopathological Society 
and the Society of American Bacteriologists, 


Committee on American Type Culture Collection. 

Number of cultures on hand January 8, 1930 501 

Number of cultures on hand December 18, 1930 654 

Number of cultures sent to headquarters at Chicago 

during the year 219 


Our facilities for handling cultures have been increased during the year by the 
addition of a General Electric refrigerator of 13 cubic feet capacity, in which a tempera- 
ture of 8-° G. is maintained. We have also another refrigerator in which a duplicate 
set of all cultures is stored at a temperature of 5-6 C. Keeping the stock cultures at 
these low temperatures greatly reduces the labor and expense of transferring them. 

C. L. Shear, 

Representing the American Bhytopathological Society. 

Tropical Riant Research Foujidation. As is, of course, well known to the members 
of dm* Society, the Foundation suffered an irreparable loss in the death of its director. 
Dr. W. A. Orton, on January 7, 1930. This was the more serious, since, at this time, 
there is much depression in all iphases of the plant-x)roduction activities of the Latin- 
Ameriean countries. Since this is a part of the w’orkl-wide situation, it is impossible 
to foresee the outcome for the immediate future. One of the very serious phases of 
this involves the sugar industry, with which the Foundation has had important relations 
and from w^hieh its chief support has been derived. Under the eireuinstaiices it has been 
necessary to await a more stabilized condition in these fields before we can ijroeeed with 
assurance as to the reliability of the financial support of research projects in connection 
with organized industry. The Foundation therefore has not, up to this time, considered 
it expedient to seek to appoint a successor to Dr. Orton. Aside from this, the Founda- 
tion has maintained its organization intact and can report the satisfactory continuation 
of its activities so far as they relate to all projects now in progress. 

L. R. Jones, 

Represe7iting the American Rhytopathological Society. 

The American Association for the Advancement of Science. A brief informal report 
of the representatives on the Council of the American Association for the Advance- 
ment Of Science was presented by Donald Reddick. 

Committee on CJiicago ‘‘Century of Frogress.’’ The American Phytopatliological 
Society, recognizing the unusual significance of Chicago 's forthcoming Exposition, ^ ^ The 
Century of Progress,’^ 
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And assured of tlie importance of the part which plant pathologj — ^including the 
study of both cause and control of plant diseases — ^lias played in the general develop- 
ment of plant sciences, and especially in the progress of scientific agriculture. 

Authorizes and inatruetvS its ofdeial representatives to offer the proper representa- 
tives of the Exposition the cooperation and services of this iSociety in all practical ways 
to the end that adequate exliihition he made of the progress and present status of 
this science. 

L. R. JoNUs, 

H. W. Anberson, 

Chas. Gregory, 

M. B. Waite, 

G. K. K. Like. 

Auditing Committee. We, the undersigned Auditing Committee, have examined 
the books of The American Phytopath ological Society. The books were found in good 
order. 

E. S. Kirby, 

Donald Eolsom. 

EesoliiMons Committee. A committee consisting of G. W. Eeitt, Ealph E. Smith, 
and IT. W, Anderson, brought in the following report, which was adopted by the Society. 

liesolved: That the iiieinbers of The American Phytopathological Society extend 
their sincere thanks to the members of the local committee on arrangements, especially 
to Professor Visscher and Dean Pocke of the Case School of Engineering for their 
efficient efforts in contributing to the success of the Cleveland meeting. 

Resolved: That the Society express its appreciation to Western Eeserve University 
for the excellent facilities furnished for the Cleveland meeting of the Society. 

Resolved: That the memhers of The American Phytopathological Society assembled 
at Cleveland, Ohio, extend to Miss Mary G. Van Meter their very sincere appreciation 
of her long and efficient service in the interests of the Society and their regrets that she 
has found it necessary to withdraw from this activity. 

Resolved: That provision be made for a standing committee on extension work in 
Xolant pathology composed of five members selected by the Council. 

ACTION OF THE COUNCIL 

In addition to making the appointments mentioned in the first part of this report, 
the Council made the following recommendations, which were approved by the Society: 

1. That, as was the case in 1930, the Editor of Phytopathology be allowed actual 
expenses for 1931 ux) to or within $300.00 for secretarial and editorial assistance. 

2. That the summer field trip in southern Indiana and Illinois, scheduled for 1930 
but cancelled because of cold injury to fruit trees of that section, be held in 1931, and 
that the x>i'< 3 viously appointed committee, consisting of M. W. Gardner, H. W. Anderson, 
and Leslie Pierce, take charge of arrangements. 

3. That the Secretary-Treasurer make allotment of life-membership funds as fol- 
lows: $1.00 to the Society; $4.00 to the Journal, and $5.00 to the Sinking Eund. 

4. In view of the fact that the Secretary-Treasurer has asked to be relieved of the 
sole responsibility for investment of Society funds, a temporary committee be appointed 
to advise with the Secretary-Treasurer as to best methods of accomplishing this service 
and report at the next annual meeting. 

5. That the four new associate editors for this year be chosen by the Editor in Chief 
and Secretary-Treasurer. 
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OTHER BUSINESS 

The Secretary read a letter from T. G-. Major, Secretary-Treasurer of the Canadian 
Phytopathologieal Society, expressing hope for a successful meeting in Olereland and 
naming the officers of that organization for 1931 as follows: President, W. P. Eraser,' 
Yice-President, H. L. Bailey; Secretary-Treasurer, T. J. Major; and Councniors, IL T. 
Oiissow and (x. H. Berkeley. Dr. Major extended a cordial invitation to ineniljers of 
our Society to attend the next meeting of the Canadian Society at tlie Ontaado Agri- 
cultural College, Guelph, Ont., about June 24 and 25, 

The Secretary read a letter from Dr. M. P. Lohnis of Wageningen, llotland, 
addressed to Dr. L. E. Jones, in which she called attention to the fact tliat Marcdi 15, 
1931, marks Dr. Johanna Westerdijk^s 25tli year as directress of the Laboratory Willie 
Commelin Scholton. A motion was made by Dr. Jones and carried that, in view of the 
fact that many of Dr. Westerdijk^s friends would wish to write her on this occasion, 
the Secretary be instructed to provide for the assembling and sending of these letters.2 

A letter, addressed to the Secretary by Dr. H. M. Quanjer, was read, in which lie 
requested that our members be informed of the fact that the Eriksson Prize has been 
awarded to Dr. J. H. Craigie; also, that the jury for the virus-disease prize failed to 
reach a conclusion; consequently, 2,000 Swedish kroner will be reserved for the offering 
of new prizes at the International Botanical Congress scheduled for 1935 In Anisterdam. 
Dr. Quanjer expressed the hope that menihers of our Society will continue to show 
interest in this international undertaking. 

It was moved by Dr. I. E. Melluis, and carried, that the members of the Council 
consider ways and means of publishing the papers presented in the de Bary Memorial 
Program as a separate and that, on reaching a decision, they have power to act. 

A motion was made and carried that the Council draft a letter to Miss Mary G. 
Van Meter in recognition of her efficient service to the Society as assistant to the 
Secretary-Treasurer during the period May, 1922, to August, 1930. 

2 These letters were sent to Dr. Lohnis on Eebruary 24 for transmittal to Dr. 
Westerdijk. 
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WILLIAM ALLEN OETON 
FEBRUARY 28, 1877 JANUARY 7, 1930 

Williaiii Allen Orton was graduated from the University of Vermont with the 
B.S. degree in 1897. He reeeived the M.S, degree at the same institution in 
1898, specializing in botany and plant pathology. In 1915 the degree of D.Se. 
was conferred upon him also by the University of Vermont. 

In June, 1899, Doctor Orton entered the United States Department of Agri- 
culture, two years before the organization of the Bureau of Plant Industry, and 
for a little more than a quarter of a century was prominently associated in a con- 
structive way with the activities of the Department. During the first decade he 
carried on researches on diseases that were causing serious losses to cotton, cow- 
peas, and watermelons. He was a pioneer in the breeding of varieties resistant 
to the widespread wilt and root-knot diseases of these crops. In 19 07 he was 
made head of the Office of Cotton, Truck and Forage Crop Disease Investigations. 
Under his direction diseases of the important vegetable and forage crops received 
major attention. The' infectious nature of potato-virus diseases was discovered, 
and methods of control through the use of certified seed were worked out. He 
also helped organize the now accepted methods of potato-seed certification. He 
organized the Plant Disease Survey work and with others started and carried on 
research on diseases causing losses to vegetables in transit, market, and storage. 
He was active in the work leading up to the passage of the Plant Quarantine Act, 
and, from 1912 to 1924, he was Vice Chairman of the Federal Horticultural 
Board. 

He was one of the organizers of The American Phytopath ological Society, 
its president in 1921, and the editor of Phytopathology from 1916 to 1920, in- 
clusive, He was a member of a large number of botanical, agricultural, and 
related organizations. 

In 1924 he resigned from the Department, after 25 years of service, to be- 
come scientific director and general manager of the Tropical Plant Eeseareh 
Foundation and, during the last six years of his life, organized and carried for- 
ward imxmrtant research projects relating to production and diseases of cotton, 
sugar-cane, chicde, and other troi)ical and subtropical crops. 

Doctor Orton was the author of more than 100 papers, mostly on various 
])hases of plant pathology and on diabetic dietaries. He was a man of unusually 
broad vision and clear judgment and possessed great original ability for the 
organization of research. He was always kindly, considerate of others, and of 
an even temperauieiit ; hence his circle of friends was great. In the words of one 
of his close associates, '^He stood on an eminence apparently without realizing 
his own greatness. He was so friendly, so tolerant, so just, so modest wdth all, 
that it seems to me now we worked with a great man without then understanding 
his true greatness or the rare privilege of serving with him. 
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EMIL HOLFBEH AEZBEEGEE 
OCTOBER 3, 1877^ JANUARY 29, 1930 

Emil Goifred Arzberger graduated from the State Hormal School; White- 
“water, Wiseonain, in 1903. In 1906, he received the degree of Ph.B. from the 
University of Wisconsin and, in 1910, he received the degree of M.A. from Wash- 
ington University, St. Louis, Missouri. 

Prom 1910 to 1913, he was Assistant Botanist at the Ohio Agricultural Ex- 
periment Station. During the summer of 1913, he was Eeseareh Pellow at the 
New York Botanical Garden. Prom the fall of 1913 to the time of his death 
Mr. Arzberger was Assistant Pathologist, Of&ee of Neinatology, Bureau of Plant 
Industry, U. S. Department of Agriculture. 

Mr. Arzberger was a man of high ideals, sincerity, and integrity. He was 
a tireless, skillful worker in the held of botanical science, which he loved. 

NATHANIEL ORSON HOWARD 
MAY 11, 1880 — SEPTEMBER 14, 1930 

Nathaniel O. Howard received the degrees of Ph.B. in 1903, Se.M. in 1.917, 
and Ph.D. in 1925, all from Brown University. The Rhode Island College of 
Pharmacy granted him the degree of Pharmaceutical Chemist in 1929. 

Prom 1905 to 1918, Dr, Howard taught chemistry at the Technical High 
School in Providence, E. I. After 1920 he was, for several years, part-time In- 
structor in the Department of Botany, Brown University, Por several years he 
also taught botany at the Rhode Island School of Pliarmacy. Prom 1913 to 1917, 
he worked part time on various problems in forest pathology, in coiuK^ciion with 
the Office of Forest Pathology, Bureau of Plant Industry, IT. S. nei)!\rtnient, of 
Agriculture. Prom 1918 to the time of his death, he was employ eil iiractii'iilly 
full time in this connection. 

Dr. Howard was of a quiet nature and a kindly disposition, a loya,l fricvnd, 
and cooperative associate, a thorough and beloved teacher, a devoted Imsband and 
father, a scientist of broad interests, and a thorongb and careful investigator. 
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THE METHODS OF CLASSIFICATION OF PLANT VIEUSES, AND 
AN ATTEMPT TO CLASSIFY AND NAME POTATO VIROSES^ 

H.M.QUANJER2 

INTRODUCTION 

For tlie viroses of no other plant is the necessity of a logical and inter- 
nationally understandable classification more urgent than for those of the 
potato plant. This may be illustrated by the following example : 

The comnion mosaic of the potato variety Bliss Triumph, called '"rugose 
mosaic’’ in some papers from the Agricultural Experiment Station of the 
University of Wisconsin (among others, 34), is, according to Johnson (41), 
not identical with the rugose mosaic of Schultz and Folsom but with their 
crinkle mosaic.” But, according to Johnson, it is not identical with the 
"crinkle” of Murphy and McKay nor with that of Quanjer. It, however, 
resembles more closely the simple or common mosaic of these European 
authors. 

In order to avoid future difficulties of this kind, Johnson attempted to 
identify and differentiate potato viruses by the determination in vitro of 
certain physical and chemical characteristics which he called the "proper- 
ties” of the viruses concerned. According to him, the most reliable diag- 
nostic features of the "property” type are the thermal death-point, the 
longevity in vitro, the effect of dilution, and the influence of certain 
chemicals, 

3 A preliminary sketeli of this paper has been presented to the Fifth Botanical Con- 
gress, held at Cambridge, August, 1930. 

2 Virus-free material was grown for the writer by Dr, Oortwijn Botjes. Material 
was sent from abroad by Dr. Cummings, Dr. K. H. Fernow, Dr. Paul A. Murphy, and 
Dr. E. S. Scdiultz. In executing the intervarietal transmission experiments, on which 
are based the results presented, the writer was assisted, in 1927, by Ir. E. Biewiiiga; 
in 1928, by Dr. V. Lildiite; in 1929, by Ir. C. C. Klijnhout; and in 1930, by Dr. J. H. H. 
van der Meer. A part of the mieroseopieal work was done by Mr. A. Ovinge. Sug- 
gestions or criticisms in the presentation of the results and help in the editing of the 
English text of this paper were kindly given by Dr. J. Henderson Smith, Dr. Lee M. 
Hntchins, Dr. James Johnson, Dr. Paul A. Murphy, and Dr. Greo. H. Pethybridge, with 
whom the writer discussed the subject during and after the Fifth International Botanical 
Congress. The photographs of figure 4 were made by Ir. K. Leendertz. The writer 
wishes to acknowledge the valuable suggestions and help of all persons mentioned. 
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Wliile the determination of these properties offers great possibilities 
especially for the knowledge of the nature of the viruses concerned and is 
indeed helpful in clearing up some of the existing confusion, it cannot be 
expected to give much information on the properties of the viruses which 
are of primary interest to us, their properties as patliogenes. It may 
also be noted in Johnson's work that the same descriptive names tiuit lie 


criticises and that have presented so many difficulties for international as 
well as for local use— 'crinkle mosaic," "rugose mosaic," "leaf-rolling 
mosaic," and "mild mosaic," for certain diseases; and "wrinkling," 
"ruffling," "curl," "roll," "stem necrosis," "rugosity," and "streaking" 
for certain symptoms apparently are indispensable to his report. 

The writer, in order to corroborate Johnson's results, has tried to ap- 
proach the problem from the pathological side. It is evident that the value 
of the determination of physical and chemical characteristic^s of the viruses 
concerned must increase when, at the same time, their properties as patho- 
genes are elucidated. To this purpose it seemed desirable, first, to give a 
critical survey of all the methods thus far in use for the identification, dif- 
ferentiation, and classification of viruses and then to ehoose sueli methods 
as appeared to be most appropriate for elucidating the patliologieal side of 
the potato-virose problem. 

Our knowledge of the virus disease of plants has been gatliered by the 
following methods: 

A. Indirect methods (pathological methods according to Quanjer). 

1. Symptomatology. 

2. Morbid anatomy and physiology of the hosts. 

3. Determination of the host range. 

4. Determination of the modes of transmission and of tlie rela- 

tion between vectors and viruses. 


5. Determination of the effect of environment on tlie diseased 

hosts. 

B. Method not yet classifiable as direct or indirect. 

6. Cytology (x-bodies). 

C. Direct methods (property methods according to Joiinson). 

7. Cultivation of the viruses and determination of their j)hysi- 

cal and chemical characteristics. 

It is not the writer’s intention to include in the present paper a survey 
of the entire literature, nor does he attempt more in the first seven chapters 
than to give an idea of what already has been accomplished throngli the 
use of the above methods and to indicate some additional progress that may 
be expected to be attained through the further application of tliese meth- 
ods to the identification, differentiation, and classification of plant viruses. 
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111 the eig’lith chapter an attempt will be made to present a classification 
and nomenclatnre of some potato viroses on a pathological basis. 

CHAPTER 1. 
symptomatology 

That symptomatology plays an important role in all studies on virus 
diseases is evident when we try to determine what virus diseases are. The 
feature that induces us to combine such different phenomena as infectious 
chlorosis of abutilon (51), (6), tobacco mosaic (53), stipple streak of 
the potato (2), peach rosette (81), and alloiophylly of the anemone (43) 
is not the filterability of the causal agents; neither is it their transmissibil- 
ity by insect vectors ; nor the occurrence of easily visible, amoeboid, intra- 
cellular inclusions. 

The most generally combining features are the infectiousness, the non- 
cultivability of the viruses in vitro^ the rapidity with which the viruses are 
taken up by the living cells once they are introduced into wounds made by 
insects or other agents, the typical way in which the viruses are spread 
throughout the plant, and, last but not least, the type of symptoms. 

The symptoms differ entirely from those caused by bacteria and fungi, 
which, as a rule, are much more localized. It is true that from the point 
of inoculation certain bacteria and fungi may penetrate plant tissues with- 
out causing conspicuous injury as the infection progresses, but, upon 
arriving at a favorable location distant from the point of entry, they may 
cause local symptoms. When, however, healthy-looking sprouts are cut off 
from the diseased part of the plant and caused to root in soil or are grafted 
on a healthy stock, it is, as a rule, possible to grow them free from the rather 
localized pathogene. In the ease of grafting, it is not easy for fungi or 
bacteria to grow through the uniting callus from scion to stock. In the case 
of viroses, however, it is almost or entirely impossible to get rid of the dis- 
ease by cutting off: tops or buds and growing them in soil or grafting them 
on healthy stocks. The virus passes easily from the scion to the stock. 

In identification and differentiation, also, symptomatology plays a 
prominent role, since the presence of a certain virus can be determined only 
by the symptoms it produces after its inoculation. But it is not yet pos- 
sible to develop a general system of classification on the basis of symptoms. 
That a special group of ''infectious chloroses,^' for example, may be formed 
on a basis of resemblance of the group members to the noninfectious 
chloroses (30, Chapter 12, a. o.) is open to criticism. The fact that the 
virus, w^hich, in Ahutilon ihompsonii, causes an ornamental variegation, 
has a necrotic effect on A. indicum proves the relation of this group to the 
so-called mosaics. 
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That the classification into ‘'mosaics’^ and ‘‘yellows” (18) is also pre- 
mature will be evident when -we think of the great number of viroses, which, 
according to their clinical picture, could not be grouped under either of 
these headings : e.g., Klebahn’s “alloiophylly” of the anemone and other 
diseases for which the term alloiophylly seems apt, such as ‘‘rcnuersion ” or 
“nettle head” of the black currant (49), the “Quercina type” of 
sifamoiimm (11), the extreme dwarfing of spindling sprout (23) or its 
reverse, the “giant hill,” in potatoes. Besides, the most classical represen- 
tative of the mosaic diseases, caused by Johnson’s tobacco virus No. 1, after 
being transmitted to Capsicum annimmj produces a chlorotic condition 
without mottling, a yellows (34). Other critical remarks on tlie 
grouping into mosaics and yellows wall be made in the following ehap- 
ter. In spite of these criticisms, a classification into (a) “infectious 
chloroses,” (b) “mosaics and related diseases, such as crinkles, streaks, and 
topnecrosis,” (c) “yellows, leaf-roll, and curly top,” and (d) “alloioi^hyl- 
lies” has been provisionally adopted by the writer for teaching ])urpost's. 

It must be conceded that one often feels nneertain in deciding on the 
virus nature of a disease when symptomatology is not corroborated by in- 
fection experiments, especially when the' diseases in question are not sys- 
temic. >Single or coneentrie chlorotic circles or lines on the leaves alternat- 
ing with normal green tissue, and suggestive of the Liesegang plieiiouu'non, 
are considered as sjmiptoms of virosis. Examples are a mosaic of pt^a and 
one of peony (46) and a tobacco ring spot, all three occurring in the 
United States, and a disease occurring in the Scotch potato variety Arran 
Consul and in the Butch variety Maaike and called “yellow barred” or 
“chevron marking” by Murphy. This last disease is systemic and graft- 
transmissible. Priode’s tobacco ring-spot virus causes local symptoms in 
the mature leaf tissue around the point of inoculation, tlie syinptoins 
usually becoming systemic afterwards; but, “A few instances were observ(‘d 
where systemic infection failed to follow infection” (65). One is in- 
clined to attribute a disease to a virus origin wlien, as in the casi* of the 
concentric-ring necrosis of the potato tuber, characterized liy more or less 
concentric necrotic circles aronnd a lentieel (Pig. 8, C), it eannot be 
ascribed to a cultivable organism (3). But, in this disease we should then 
have an example of a virus pathogene entering a tuber from tlie soil and 
being restricted to the invaded tuber only, without being subsequently 
transported through the plant to the new tubers (67). 

The writer is strengthened in the view that this disease is of 
virus nature by the work of Ataiiasoff (3), avIio grafted naturally infected 
tubers to newly dug healthy tubers and observed its developinent in the 
healthy potato in a most typical form. 
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Furtliermore, other viroses are known which infect plants from the soil 
(56). A well-defined example of the restriction of a graft-transmissihle 
disease to one organ of a plant is further given by Hutchins (37) in his 
work on the phony disease of the peach. He states, in part: 

'^At this time it became evident that the phony disease is contagious. 
Inoculations with the juice expressed from the roots or other parts of phony 
trees have not communicated the disease under the conditions of our experi- 
ments. It has thus far been artificially communicated only by means of 
grafting a phony root to the root system of the normal tree. This behavior 
places the disease in the peach yellows group, and the infective principle is 
no-w regarded as a virus. However, the phony disease differs from peach 
yellows in that the virus of phony disease has been found only in the roots 
of diseased trees and does not appear to enter the shoots above the soil line, 
while the peach yellows virus invades both shoot and root. This explains 
why the phony disease is not communicated when buds, scions or seeds from 
diseased trees are employed.” 

We have to acknowledge the enormous amount of information gained 
by the method of symptomatology on the viroses of special families. As 
examples may be mentioned Storey’s work on mosaic and streak of sugar 
cane (87, 88, 89, 90), the studies of Bennett (8) and others on raspberry 
and of Plakidas (63, 64) on strawberry viroses, the work of Johnson (40) 
and of Yalleau and Johnson (96) on the viroses of tobacco, of Bewley and 
Corbett (9) and others on those of tomato, and the work of Murphy and 
McKay (58) and of Schultz and Folsom (77, 78) on potato viroses. 

CHAPTEE 2. 

MORBID ANATOMY AND PHYSIOLOGY OP THE HOST 

Many viruses travel through the plant from inoculated leaves to grow- 
ing points, young developing sprouts, storage places for reserve food, or the 
vegetative offspring, and sometimes to the sexual offspring, without leaving 
a trace of their path in the xylem, the intercellular sjiaces, or the -walls of 
the parenehymatic tissues, as fungi and bacteria generally do. This sug- 
gested to several workers that the transport of the viruses and of the 
products of photosynthesis takes place along the same route. Beijerinck 
(7) w-as the first to consider the phloem tissues as the channels of transport 
of the contagiiim of tobacco mosaic. Baur (6), by girdling experiments, 
showed that the infectious agent causing chlorosis in Abutilon travelled 
down through the cortex or bast. Yaleton (95), in his investigation of the 
sereh disease, found gummosis in the phloem but also in the xylem vessels 
of the sugar cane. Quanjer discovered phloem necrosis in an early study 
of potato leaf roll (66). 

Later, the observations, seeming to support the view that the phloem 
and adjacent tissues are related to the distribution of viruses in the plant, 



582 


P H YTOPATH OLO GY 


[VoL. 21 


became more and more numerous. The galls of the Fiji disease are formed 
in the phloem (44). Absence of a fibrous sheath and appositional growth 
at the expense of the phloem strands has been found in Musa attacked by 
bunchy top (52) and clearing of the veins in Musa. iexiiVis attacked by a 
similar disease (60). Atrophy of the phloem vessels is seen in Morns suf- 
fering from dwarf (91). Clearing of the veins in the young leaves and 
phloem necrosis in the whole plant are characteristics of curly top of sugar 
beets (85). A disturbance resembling phloem necrosis occurs in advaneed 
stages of the American (not the European) beet mosaic (72), (13). 
Necrosis in the phloem and pericycle is characteristic for curl of Kubus 
(70) and degeneration in the pericycle for xanthosis of Fragaria (63). 
Atrophy of xylem and phloem has been observed in arriocAwynento of Vitis 
(62). Clearing of the veins is the first symptom of some mosaic diseases 
of Solanaceae (73), (74), (82), and (84). Phloem necrosis occurs in the 
so-called ‘‘zeefvatenziekte” of Liberia coffee (86), the virus nature of 
which, however, is doubtful. Clearing of the veins also is observed as an 
early symptom of aster yellows (45). 

Perhaps disturbance in the phloem would have been found in more eases 
had not this side of the problem been neglected by some investigators. 
Thung (93) proved by a very complete physiological comparison of healthy 
and of leaf-rolling potato plants that in the latter the accumulation 
of starch in the leaves can be attributed to neither a deficiency in the res- 
piration nor in the diastatic activity of the mesophyll but only to disturbed 
translocation. This, in turn, must be a consequence of the patliologieal 
condition of the sieve tubes, a condition which ends in phloem necrosis. 
Acenmnlation of carbohydrates oeenrs, not only in potato leaf roll and in 
the sereh disease of sugar cane (99), mulberry dwarf (91), curly top of 
sugar beet (16), advaneed stages of the American mosaic of sugar l)eet 
(72), curl of raspberry (21), arriccAamento (curl) of Vitis (62), and aster 
yellows (21), in which at least some abnormalities in the phloem have been 
found, but also in tlie spike disease of Santalum (17), the s|)inacli blight 
(94), peach yellows (10), leaf roll of Vicia (14), and the western or 3 'ellow 
blight of tomato (79), although the five latter diseases seem not to liavi* been 
sufficiently investigated from a histological standpoint. 

Further, in the case of some of the diseases in whiclL al)n()riiialities in 
the phloem have been found, e.g., Fiji disease of sugar cane, biincliy top of 
If sp., xanthosis of Fragaria, and some diseaseKS of the S()lana€eae in 
which clearing of the veins has been found as an early symptom, we either 
have no knowledge or are insufficiently informed regarding tlie beliavior of 
carbohydrates and other elaborated food in the leaves. 

The histological investigation of different mosaics usually reveals a 
reduction in length of the palisade cells, a discoloration and reduction in 
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size of the chloroplasts, and a decrease in the amount of intercellular space 
in the lighter areas of the leaf. The mosaics are not so readily discernible 
by histological characters as they are by the pattern of outward symptoms. 
This seems to be the reason why Hoggan (34) concludes: 

''It has not been found possible, as was originally hoped, to establish, 
to any great extent, any means of classification of viruses on the basis of 
the microscopical features of the diseased tissues 1'^ 

The writer will subsequently show in this paper that, at least for the 
viroses of the potato, more encouraging results have been reached by the 
histological method. 

From the insufficiency of our knowledge of correlations between histo- 
logical and physiological phenomena in many viroses it may be concluded 
that it w’ould be premature to attach a too general significance to the fol- 
lowing conclusion of Cook (18) : 

"These studies indicate that we may have two types of disease; the one 
generally represented by the various mosaics in which the photosynthetic 
activities are greatly reduced. The second which is represented by 'peach 
yellow^ and 'little peach, ^ in which starch is formed in the leaves but not 
transported to other parts of the plant, the result being that the leaves be- 
come hard and leathery. ” 

The same may he said of Dunlap’s conclusion (21) : 

"The mosaic diseases were found to be accompanied by an increase of 
total nitrogen and by a decrease of total carbohydrates. The yellows dis- 
eases were accompanied by a decrease in nitrogen and by an increase in 
carbohydrate materials, as compared with the amounts of these constituents 
in normal tissue." 

Cook’s conclusions have value only for the diseases mentioned by him: 
sugar-cane mosaic, peach yellows, and little peach. 

Those of Dunlap hold good only for tobacco, tomato, pokeweed, cucum- 
ber, and raspberry suffering from mosaic and for peach and aster suffering 
from yellows. A general classification based on their results would be too 
broad to be of real value. 

It should not be inferred from what has been said above that the writer 
regards the movement through the phloem as the only mode of transport of 
viruses through the plant. It is thought to be responsible only for the 
spread over long distances; on the rate of this spread several observations 
have been made, e.p., by Doolittle (19), who found that the encnm- 
her-mosaic virus spreads through the vigorousl^y growing cucumber plants 
from the point of inoculation and is present tlironghont the leaves 
and stems in four days, and by others whose observations are reviewed by 
Henderson Smith (32). At least some of the plant viruses can i:)ass 
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tliroiigla tissues other than the phloem. For example, tobacco virus No. 1 
readily enters the leaves through broken triehomes, is immediately taken 
up by the living cells, and cannot be removed by washing (36). These 
facts point to the possibilities that there may be a close association between 
the virus and the protoplasm and that translocation of the virus may take 
place through the intercellular protoplasmic connections wliich are known 
to extend into and between the cells of the sieve tubes (75). If it is true 
that these ^^plasmodesms” form a continuous system throughout the plant, 
the above hypothesis would give an explanation of the peculiar way 
in which infection occurs and in which the viruses are spread through the 
infected plants. This hypothesis wull be considered again in the chapter 
on cytology. 

That the method of histological investigation sometimes may reveal mis- 
takes made by a too superficial observation of symptoms or by an indiscrim- 
inate use of names will be shown in the last chapter. By this metliod (his- 
tological) it has been possible for the writer to confirm the difference 
between crinkle mosaic and rngose mosaic as made by Schnltz and Folsom 
(77, 78) throngh the method of symptomatology and by Johnson (41) 
through the physical method and to divide into distinct groups some virus 
diseases collectively known as ^‘streak.” 

It may be concluded from this rapid survey that much work is left to 
be done in the domain of morbid anatomy and physiology. Little or no 
attention has been paid to what happens in the plant during the incubatian 
period; ^'clearing of the veins’’ precedes in some diseases the other symp- 
toms, bnt that a more definite morphological and physiological description 
of this remarkable phenomenon seems not to he given is rather unsatis- 
factory. 

CHAPTER 3. 

DETERMINATION OF THE HOST RANGE 

The host range of some plant viruses is very extended, e.g., that of curly 
top, aster yellows, and eucumher mosaic (80), (45), (20), respectively. 
Some experiments, however, tending to prove the polypliag’ous nature of 
mosaic are open to criticism. Elmer (22) obtained mosaic transmission 
among species belonging to 15 different families of plants. That a mosaic 
virus can, as a consequence of transmission by artificial means, be forced 
to multiply in a given host and to produce mottling does not, however, prove 
that the mosaics occurring in nature are identical. Van der Meulen (97), 
employing natural vectors in attempts to determine the host ranges of 
mosaics occurring in plants belonging to different families, came to tire con- 
clusion that the mosaics are as a rule specialized. With the extension of 
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such exp erinients over a much wider range of plants, it may possibly be 
revealed that certain known viruses and supposedly different ones are, in 
fact, identical or are the same in regard to their causal relationship with 
abnormalities not yet recognized as viroses. 

That the method of transmission in such experiments is of primary im- 
portance has been shown by Mogendorff (57). His results with the use of 
sap for the artificial transmission of cucumber mosaic to tomato were in- 
consistent and the percentage of infection was variable. Occasionally 
symptoms of 'tfern leaf” appeared, but they were not very typical. In 
most cases stunting and chlorosis were produced, sometimes accompanied 
by a faint mottling. Not until Hoggan (35) succeeded in transmitting 
cucumber mosaic from tobacco to tomato with the peach aphid did Mogen- 
dorffi find that by means of this aphid, instead of using sap, he could trans- 
fer cucumber mosaic via Nicotiana rustica to tomato and obtain a high per- 
centage of infection, with nearly all of the infected plants showing marked 
fern leaf. 

The host-range method has been especially valuable for the discovery of 
''carriers,” or plants in which a virose remains ^'latent.” Such carriers 
have been detected in the genera Saceharum, Humulus, Beta, Abutilon, 
Phaseolus, Nicotiana, Physalis, and Solanum. 

The value of differential hosts for identification work is limited by the 
fact that the pathogenicity of a vims may be decreased or increased by 
some of them. Carsner (15) and Lackey (47, 48) found not only that some 
weeds are difficult to infect with the curly-top virus but that the virus is 
'^attenuated” by passage through them. The writer observed that a viru- 
lent acropetal necrosis of the potato was attenuated by passage through a 
seedling which behaved as carrier. 

An example of what may be called increased virulence has been 
described by Johnson (39). The percentage of infection of a virus occur- 
ring in apparently healthy American potatoes was increased, the incuba- 
tion period shortened, and the host symptoms accentuated, through succes- 
sive cotton-needle transfers through tobacco, after which this virus was 
even capable of causing a serious necrotic disease wdien inoculated back into 
the variety of potato from which it was first extracted. Smith (82, 84) 
described a case of what seems to be the increase in virulence of a potato- 
mosaic virus. This virus, by needle-inoculation into tobacco, wns induced 
to cause a ring spot in the latter plant and when brought back to potato, 
from which it was originally extracted, was induced to cause an intensified 
and killing mosaic. The possibility, however, may be considered that the 
mosaic potato plants of Smith contained two viruses. This consideration 
is based on the following facts. When scions of apparently healthy Zee- 
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land Blue potato plants are grafted on either of the varieties Duke of York 
or Green Mountain aeropetal necrosis develops in the latter. When, how- 
ever, parts of apparently healthy Duke of York or Green Mountain (which 
are carriers of the top-necrosis virus described in the last chapter of this 
paper) are grafted onto apparently healthy Zeeland Blue potato plants a 
mosaic develops in the grafted plants. It is clear that the grafted plants 
of this variety contain two viruses but show only mosaic. The method of 
differential hosts is, in some cases, apt for the analysis of such a virus com- 
plex. Prom the Zeeland Blue described above, virus causing aeropetal 
necrosis can be brought into evidence by grafting on one of the potato varie- 
ties which is a regular carrier for top necrosis, and the topnecrosis can be 
made visible by grafting on one of the varieties in which the aeropetal 
necrosis remains latent. 

CHAPTBB 4. 

DETERMINATION OF THE MODES OF TRANSMISSION AND OF THE RELATION 
BETWEEN VECTORS AND VIRUSES 

It is a remarkable fact and suggestive for further investigation that, 
as far as our knowledge goes, the groups of virus diseases mentioned in the 
first chapter are specialized in their modes of transmission. The diseases 
of group (a), infectious ehloroses, are transmissible by grafting only. 
Those of group (b), mosaics and related diseases, are transmissible by 
grafting, as well as by sap and by insects. Those of group (c), yellows, 
etc., are, as a rule, transmissible only by grafting and by insects, whereas 
the modes of transmission of the members of group [d), alloiophyllies, are 
insufficiently known. 

Some exceptions may be mentioned in group (b), mosaics. Neither the 
American nor the European sugar-beet mosaic seems to be easily transmis- 
sible with juice (72), (13). As exceptions in group (c), may be mentioned 
the following: ‘'peach yellows^' and “sandal spike, neither of which has 
thns far been possible to transmit by insects. Without any doubt, a more 
detailed studj^ will reveal a greater number of exceptions and it may be 
possible also that group (a), infectious ehloroses, will lose its isolated 
place. 

It is clear that viroses transmissible by juice are separable from those 
transmissible solely by grafting or by insects and that both groups are 
separable from those transmissible solely by grafting. When a host con- 
tains two viruses, each of which has a strict relation to a different insect, 
separation is possible. An insect then may be used to isolate a virus from 
a juice- or graft-transmissible complex. 

Severin (79) worked wuth tomatoes, which were suffering from both 
mosaic and yellows. In the tops of the shoots only the mosaic was visible. 
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He cut off these tops and placed them with the basal part in water and 
protected them by insect-gauze from the attacks of insects. Then virus- 
free males of Euiettix ienelhts were allowed to feed on these shoots and 
were afterwards transmitted to healthy sugar beets. The latter were in- 
fected by the insect— which behavior gave evidence of the fact not only that 
the curly-top virus — ^^vhicli by previous experiments had appeared to be 
identical with the tomato-yellow virus — ^was present in the tops of the 
original tomatoes, but also that it is possible to use an insect adapted to a 
certain virus as a means of isolating this virus from a complex. 

It is not necessary to dwell here on the relations between insects and 
viruses, which have been excellently surveyed in KunkePs conspectus of 
virus diseases of plants (46). Eke (23) has used these relations as 
a means of classification. His recent work on this subject is presented in 
a paper in the current number of this journal. 

Blze also showed that it would be a mistake, made by some investigators, 
to suspect insects that have been found in large quantities on a certain 
host to be the vectors of a virose attacking this host. Although leaf hop- 
pers can often be found in great numbers on potato plants, they have no 
significance in the spread of leaf roll. Some spring migrants of Myzus 
persica^ are sufficient to spread this disease in the beginning of the sum- 
mer. They visit several plants in succession, depositing some young on 
each plant. Although, on the isle of Java, A^jhis sacchari is much more 
common on the sugar cane than A. may dis, only the latter is a vector of 
sugar-cane mosaic. 

This chapter may be concluded with the discussion of another example 
of what possibly may be regarded as the selection by the aphid Myzus per- 
sicae of one virus from a virus complex. Smith, in his experiments men- 
tioned in the previous chapter, inoculated healthy tobacco with sap from 
a mosaic j^otato in two different ways, lc., by needle and by aphid. In the 
former case lie obtained a ring spot, and in the latter a characteristic clear- 
ing of the veins developed as the first symptom on the young leaves, fol- 
lowed by the appearance of dark green lines along the veins, a phenomenon 
resembling what is called ‘'vein banding’ ' by Valleau and Johnson (96). 
Apart from increase in virulence, each of these diseases kept its own charac- 
ter in successive transfers through tobacco or back to potato, the former 
producing always a necrotic and lethal effect. In his first paper on this 
subject, Smith (82) believed that the mosaic potato contained only one 
virus. In his second paper, he concludes : 

‘‘It would appear that the aphis does not transmit some element of the 
virus which is concerned with the production of the more necrotic and lethal 
symptoms.” 
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A third assumption would be that his original potato plant contained 
two viruses and that only one of these was transmitted by the aphis, whereas 
both are adapted for mechanical transfer. 

The mosaic Zeeland Blue, mentioned in the end of the third chapter, 
shows a marked analogy with the mosaic potato plant experimented witli 
by Smith; its virus, causing acropetal necrosis, is easily transterable 
through Mijzus persicae, whereas thus far it seems impossible to transmit 
the top-necrosis virus by the aphid. 

CHAPTER 5. 

DETERMINATION OP THE EFFECT OP ENVIRONMENT ON THE 
DISEASED HOSTS 

One general feature seems to hold good for all virus diseases, namely, 
that infection is independent of the presence of moisture. This may be 
attributed to the fact that the viruses are immediately taken up by the 
protoplasts as soon as insects or other agencies introduce them into the 
cells. 

It is a well-known fact that the symptoms of some viroses do not develop 
at low temperature, acropetal necrosis of potato (2) and tobaceo mosaic 
in potato (12), while those of others are masked by high temperatures, e,g.y 
some potato mosaics (29). Top necrosis resembles the description of yellow 
dwarf made by Barrus and Chiipp (5), but the fact that the latter disease 
does not show np in the cool summer climate of Holland proves that they 
are not identical. 

Also, the manifestation and type of symptoms may he affected to some 
extent by external conditions, as was shown by Henderson Smith (31) in 
the case of a potato mosaic in tomato, where temperatures above TO"’ P. 
markedly reduced necrotic spotting and favored mottling. 

Since the thermal conditions in the interior of a plant are to a (nuialn 
extent independent of environment, such phenomena cannot h() lookt'd upon 
as due to the action of temperature on the virus; they niust be cloniinantJy 
due to its influence on the host. 

Smith observed that temperatures above 80° F. masked the synr|)toms 
of the intensified potato mosaic, which, in his previously mentioned experi- 
ments/were obtained in potato after a transfer throngh tobaceo and that 
the same temperatures did not affect the ring spot, ie., the form the disease 
takes in needle-inoculated tobacco. This would appear to be an example 
of the common experience that optimum conditions for the plant are 
optimum conditions for the appearance of symptoms. In looking over the 
details of Smith’s experiments, one finds that not only is the needle- 
introduced ring spot in tobacco favored by high temperature but tliat tlie 
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aphis-introduced vein banding is likewise favored. This fact may have led 
Smith to his interpretation that one virus is responsible for both phenom- 
ena. If Smith is correct in this, we would have here an example of the 
influence of the means of transfer on the symptoms, showing some analogy 
with the result arrived at by Mogendorff and treated in the chapter on the 
determination of the host range. It is clear, however, that the question 
whether the mosaic plants from which his experiments were started con- 
tained one or two viruses cannot be solved by environmental studies 
and that we may anticipate that new experiments with differential hosts or 
differential treatment with physical or chemical agencies will throw further 
light on this problem. 

CHAPTER 6. 

CYTOLOGY 

A survey of wdiat has been learned from eytological investigations about 
the amoeboid, vacuolate intracellular inclusions, commonly called x-bodies, 
has been given (1) by Kunkel (46) and Likhite (50), who, along with 
Goldstein (27, 28) and others, consider these bodies to be stages in the life 
cycles of virus parasites, and (2) by Ploggan (34) and Henderson Smith 
(33), who, as did Iwanowski (38), the discoverer of the bodies, and as do 
most workers, incline to the view that these bodies are to be interpreted as 
products of the reaction of the infected cell to the presence of the virus. 

It would be to no inn'pose to repeat here the arguments of the two 
groups ; ho’wever, one remark may be made in favor of the latter. "When 
we see how readily in irritated cells solids are precipitated and condensed 
on the starch grains, for example, the conception that the x-bodies may be 
inanimate by-products of the protoplast seems to be more probable. This 
hypothesis is supported by the wmrk of Kerling (42), wdio, using Guillier- 
mond\s method, stained living cells of potato tubers with neutral red and 
found that tlie cell vacuole alone first takes the stain, the remainder of the 
protoplast being unstained. As soon, however, as the protoplast is dam- 
aged, dispersion of the stain becomes general in the cell and a solid, red 
substance from the stained protoplasm condenses on the surfaces of the 
starch grains. 

If we consider the viruses as extremely small organisms living in the 
lorotoplast and transported, as was intimated in the foregoing, by the cyto- 
plasmic connections, it is hardly possible to imagine their sudden growth 
into x-bodies. That these x-bodies may be centers of condensation products 
of the protoplast is a more plausible interpretation and is substantiated by 
the observations of Henderson Smith (33). 

Carriers offer a possible answer to this question. AVheii a virus causing 
symptoms in one host variety and remaining latent in another appears to 
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be associated with x-bodies in the former and not in the latter, it \vonlcl 
seem that these intracellular bodies are a result rather than a cause of the 
disease. 

In her investigations on the viroses of tobacco and potato and on ciicmu- 
her mosaic in solanaceous hosts, Hoggan showed that the presence or absence 
of vacuolate bodies, and in some cases the combined presence of vacuolate 
bodies and striate material have undoubted value for the identification of 
certain viroses. The tobacco viroses in which striated material occurs were 
further shown to be closely related by the similar behavior of the viruses 
when subjected to varying intensities of application of physical agencies, 
such as heat (Johnson’s method). 

The ‘‘bodies,” whose presence characterized a certain virose in one host 
were nearly, without exception, found to develop in other hosts to which 
the virus was transferred. Since only vacuolate material or vacuolate 
bodies and no striate material were found associated wdth the potato viroses 
studied by Hoggan, it may he concluded that these viroses are not identical 
wdth the three tobacco viroses in which striated material occurs. 

It seems, however, that neither shape nor dimensions nor structure of 
the vacuolate bodies is of diagnostic value. These bodies are all more or 
less similar in almost all the viroses in which they have been found. 

No vacuolate bodies w^ere found in the cells of certain Green. Mountain 
potato plants called ‘ Jiealthy,” hut that these plants were actually virus 
carriers w^as demonstrated when top necrosis developed in plants of Dutcli 
potato varieties bearing grafts from the Green Moiuitain healthy plants. 
Cytologieal investigations in connection wdth this behavior may be looked 
forward to wutli great interest. 

CHAPTER 7. 

CULTIVATION- AND DETERMINATION OF PHYSICAL AND ClIEMIOAI. 

CHARACTERISTICS OF THE VIRUSES 

Symptoms in viroses may be regarded as reactions of tlie liost to tlie 
presence of one or more viruses and are therefore influenced by fiietors tliat 
pertain to the host, such as species, variety, age, and enviriinment. This 
and other reasons have induced workers to determine the cliaracteristics and 
proprieties of the viruses outside of the plant and to express them iii terms 
of mechanical measurements whenever possible. To this end tlie inethods 
of cultivation, filtration, dilution, aging, inactivation by heat, x-rays, ultra- 
violet light, and chemicals have thus far been applied. 

Johnson is convinced that the plant viruses have properties of specificity 
and stability comparable wdth those of other organisms. The viruses 
expressed from plants are, how^ever, associated wdth many other substances, 
and no one has succeeded in getting rid of these materials by pure culture 
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of the viruses 'i-n vit7'*o. It would be to no purpose to mention here the 
efforts made by different workers to get by filtration, centrifugation, or 
chemicals, viruses of absolute purity and in a controllable concentration. 
It is hoped that methods are being developed and will be further developed 
by which it may be possible in the future to determine physical and other 
eharaeteristics of viruses in vitro independently of uncontrollable variables. 

According to Walker (98), a common virus causing the mosaics of 
cucumber, tomato, and Physalis has not the same properties in juice pressed 
from infected tomato or ground cherry as in juice pressed from infected 
cucumber. Extracted from the former two hosts it has, just as the tobacco 
mosaic, a high resistance to aging, heating, dilution, and treatment with 
alcohol. Extracted from the latter host, this resistance is considerably 
decreased. 

As has already been pointed out in the foregoing, it would be a miscon- 
ception to think that there is only one mosaic virus the character of which 
is changed by each of the hosts in which it lives. It is not surprising that 
juices of certain plants are toxic to the juice-borne viruses of other plants 
in vitro. Indeed, McKinney (55) proved that the juice of healthy cucum- 
ber has a very marked effect in rendering the virus of tobacco mosaic more 
susceptible to thermal inactivation. That the thermal resistance of cucum- 
ber-mosaic virus was increased by a passage through Solaiiaceous plants 
needs confirmation by an experiment with real cucumber mosaic. Accord- 
ing to Johnson (40), the virus of cucumber mosaic is very different from 
all the 9 viruses designated by him as tobacco viruses. It differs from them 
in the symptoms it produces in some standard hosts belonging, respectively, 
to the Solanaceae, Cucurbitaceae, and Phytolaccaceae. Each of the viimses 
he worked with produces different symptoms in one or more of these hosts, 
and these viruses differ also in one or more of the following characteristics: 
resistance to aging in vitro , thermal death point, and resistance to the killing 
eff:*eet of 50 or 60 per cent alcohol and of 0.5 per cent nitric acid. 

In some cases it is possible to analyze virus complexes by physical or 
cJiemieal attack. 

Henderson Smith (31) has, from a combination disease in tomato, inacti- 
vated the potato-niosaie factor by treatment of the tomato juice with 90 
Xoer cent alcohol for one hour and retained the other factor, a virus causing 
yellow mosaic. 

It may be that the question whether Kenneth Smith (82, 84) worked 
wdtli one or two viruses in his experiments can be solved by attacking the 
leaves of the tobacco suffering from the needle-induced ring spot by heat, 
by chemicals, or by drying. According to Valleau and Johnson (96), the 
American ^‘healthy-potato virus'’ (probably the top-necrosis virus is in- 
tended) does not withstand drying, and by this means they have eliminated 
this virus from a complex which caused streak in tomatoes. 
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It should be borne in mind, however, that a classification of all viruses 
on the basis of their physical and chemical characteristics may never be 
possible on account of the fact that a great number of them are not trans- 
missible with juice under present methods of experimentation. It is con- 
ceivable, of course, that new methods may be devised which would obviate 
these difficulties. 

CHAPTER 8. 

A CONTRIBUTION TO THE CLASSIFICATION OF POTATO VTROSI3S 

As a general conclusion from the foregoing it may be stated tliat present 
knowledge is insufficient for the classification of plant viruses hut that the 
correlation of different methods offers possibilities. Pnrther, it appeared 
that the morbid anatomy and physiology of the host is a more or less 
neglected phase in the study of plant viroses. The study of jiotato leaf 
roll, however, shows that by correlation of the histological and physiological 
methods a better conception of the pathological process can be obtained. 
The reduced growth of the plant suffering from leaf roll, the stiffness of 
its leaves, the acenmulation of the products of photosynthesis in tliem, tlie 
shortness of its stolons, and the reduction of the yield of tubers conld be 
attributed to disturbed transport; this, in turn, to a diseased eondition of 
the sieve tubes which ends in phloem necrosis. It is the aphid Myzus 
persicae which introduces the virus in the sieve tubes. 

At the International Congress of Plant Sciences held at Ithaca in 1926, 
a Conimittee for the nomenclature of potato viruses was formed. As a 
consequence, a standard named collection of American potato-virus material 
was received by the writer through the courtesy of Dr. Schultz and Dr. 
Pernow, Previously, a disease resembling what Murphy has calltMl crinkle 
and what Schultz and Folsom have called rugose mosaic liad h(‘en isolated 
by the writer from the old American Cowhorn potato, received l‘rom Dr. 
Cummings. Dr. Murphy, of the Irish Free State, was also kind (‘.nougli to 
supply some virus types. 

Not only did this rich collection of material give the opportunity of 
comparing the ever-increasing types of mosaic, crinkle, and streak i'rom 
the Old and the New World but also a new impetus was given attenipts to 
correlate outward symptoms with phenomena of morbid anatomy. 

The viruses from abroad have been transferred through Aliirpliyls 
method of core grafting on Dutch potato varieties. The present comniuiii- 
cation will be restricted to the results obtained through this method with 
some of the potato viroses occurring in America and Enrope. Other 
viroses, e.g., witches ’-broom and spindle tuber have not yet been sufficiently 
investigated. 

The discovery that all American varieties, whether supposedly healthy 
or known to be diseased, are carriers of a virus causing necrosis in certain 
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Diitcli varieties and the comparison of it with another necrotic disease for 
wliicli certain Dutch potato varieties are carriers led to the differentiation 
of the virus diseases collectively known as streak into two groups, top 
necrosis (Lat. aero -necrosis) and acropetal necrosis. 

Schultz (76), who must have observed the first of these two diseases 
after inoculating healthy plants of Dutch potato varieties with inoculum 
from healthy American varieties, says : 

''It appears necessary to assume that the necrosis in question is not the 
so-called 'streak,' since evidence has shown that the Green Mountain as well 
as other American varieties used in this investigation is susceptible to this 
malady." 

It appeared justifiable to introduce the name top necrosis for this new 
disease, and this actually has been done in a Dutch publication (Quanjer 
and Oortwijn Botjes, 69). And it appears still more justifiable to do this, 
although for international use aero-necrosis is better suited, since it was 
found that an internal necrosis radiates from some internal phloem strands 
into the surrounding tissues, killing the tender tips and extending down- 
ward through veins, stems, petioles, and tubers, and killing sometimes the 
apical eyes of the tubers, also. 

The second disease, which came into evidence when healthy-looking 
plants of some old Dutch varieties w^ere grafted on Green Mountain, is 
identical with a disease described as streak by Artschwager. According to 
the latter investigator, it is evident that the lesions referred to as streak are 
elongated and that "their advance along the stem is acropetal." He 
continues ; 

"The lesions are the result of necrotic changes in the cells of the col- 
lenehyma and adjacent tissues" and "in advanced lesions the necrotic areas 
extend through cortex and vascular tissues into the pith." 

The writer feels obliged to credit Artschwager (1) with the introduction 
of a sound pathological concept instead of the often-misused term, streak, 
and proposes the name acropetal necrosis for the disease characterized by a 
necrosis beginning in the collenehyma, extending in severe cases centri- 
petally, and advancing acropetally along the stem. There are several 
related diseases belonging to this type described farther on in this paper, 

A further possibility of founding classification and nomenclature on a 
sound basis is opened by the fact that different potato varieties react dif- 
ferently to the same virus. A virus remaining latent or producing a 
mosaic in some varieties may cause a well-defined necrotic effect in others. 
In so far as the writer has followed the matter, he is of the opinion that a 
certain mosaic of the Zeeland Blue potato produces top necrosis in Paul 
Kruger and that some mosaics which resemble more closely the rugose tj^pe 
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of Seliultz and Folsom produce colleneliyma necrosis and belong to the 
acropetal-neerosis group- 

In order to clear the ever-increasing mosaic group, the principle should 
be followed that a potato virus be named after the histological symptoms it 
causes in the variety reacting most typically in this respect. 

As a consequence of this principle, the names rugose mosaic and crinkle 
must disappear at least as names of sections, for it seems that all types of 
rugose mosaic and the greater part of crinkle, when grafted onto certain 
potato varieties, hehave as types of aeropetal necrosis. Only one ease of 
mild mosaic (the mosaic in Zeeland Blue mentioned above), after being 
transmitted to Paul Kruger and other varieties, appeared to produce top 
necrosis. 

Most of what hitherto has been mentioned as mild, intermediate crinkle 
and interveinal mosaic is here provisionally still classed in the section of 
aneerotie mosaics ,* but is may be possible to produce necrosis also with some 
of these mosaics on certain varieties. That being so, the result of the 
system now proposed will be to exclude a number of potato mosaics from 
the group of aneerotie mosaics, just as a fungus imperfect us must be classed 
under the Ascomycetes as soon as an aseigerous form appears to be asso- 
ciated with it. 

A disadvantage of this method is that the progeny of a variety suffer- 
ing from top necrosis or aeropetal necrosis has very often such an extended 
necrosis that differentiation is no longer possible. The disadvantage, 
hoAvever, of basing a classitieation on the varieties which react wuth mosaic 
symptoms will be considered by investigators as still more important, 
knowing how unsatisfactory it has been in the past to describe an ever- 
increasing number of slightly differing mosaics. 

It is proposed here that the Dutch variety Paul Kruger, called Presi- 
dent, in England, be used as a standard variety in other countries as well, 
since it >shows np and differentiates all the viroses wdth which the ])J'e!sent 
wmiter has worked. It has rendered excellent service in differentiating 
aeropetal necrosis and tojD necrosis. A disadvantage is that it behaves as 
a carrier towards para-crinkle, described by Salaman and Le Pelley (74). 
For the identification of this disease the variety Arran Victory is needed. 
Siuce all the American material appeared to consist of carriers of top 
necrosis, the comparison of American potato viroses other than top necrosis 
wdth Europeon viroses can take place only on varieties that mask this dis- 
ease, e.g.^ Grreen Mountain or Duke of York. Varieties that mask aeropetal 
necrosis are needed for the identification of other viroses wFich occur in 
the carriers of this disease. The present state of the classification wmrk at 
Wageningen is indicated in the following pages, which may be taken as a 
progress report. 
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SECTION I; ANECROTIC MOSAIC 

No necrosis, no streak, no dro%> of the lower leaves of other varie- 
ties after they have been grafted with the vins-carrijing scion; only 
mottling and more or less wrinkling of leaflets. Some viruses, after being 
inoculated into different potato varieties, have thus far produced only mild 
niosaie, intermediate mosaic, crinkle mosaic, or interveinal mosaic. They 
are both sap- and aphis-transmissible (77, 78) (23), and they have a lower 
thermal death point than does a virus causing crinkle or rugose mosaic (41). 
Masking at high temperatures occurs in this group. Vacuolate material 
and bodies have been founcl especially in these mosaics; striate material is 
not present (34). 

In case one or more of these viruses should be found as a result of later 
work to produce a necrotic disease in some host variety it ought, according 
to this system, to be classed under one of the groups of necrosis. 

An Cuba mosaic in potato differs from the viroses mentioned above in 
that there is no wrinkling at all in the diseased plants and that it is not 
transmitted by aphids, or only exceptionally so (23, 68). 

SECTION II: PHLOEM NECROSIS 

Necrosis restricted to the phloem strands, i.e., sieve titles and companion 
cells; strong aecnmnlation of carbohydrates in the leaves. This necrosis is 
only visible with the high-power objectives (enlargement 100 or more). In 
the plants infected in the current season, the necrosis is faint and can be 
detected in some sieve strands only; in the progeny of such plants ^^per- 
petuation’’ symptoms appear and the necrosis is distinct in a much greater 
number, generally more than half, of the intraxylary and extraxylary 
phloem strands (compare the necrotic phloem strands in figure 1, B, with 
the healthy phloem strands in figure 1, A). 

The virus causing phloem necrosis thus far appears not to be sap-trans- 
missible. It can be transmitted by grafting ; and, in nature, is transmitted 
hj Mymis pcrsicae (61) (77,78) (23) (58), and (83). 

The accumulation of carbohydrates is a consequence of the pathological 
condition of the sieve tubes, and this condition ends in phloem necrosis (66) 
and (93). No x-bodies have been found (34). 

In European potato varieties, the necrosis appears in the phloem of the 
foliage and stems, only; but in the American variety Green mountain it 
also occurs in the phloem of the tubers (Figs. 1, C, and 8, A) of the cur- 
rent season where it is visible to the naked eye (net necrosis of Gilbert, 26). 
That the American leaf -roll virus is identical with the European was proved 
by Elze and Quanjer (24). 
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Pig. 1. A. Normal phloem as it occurs in healthy potato plants or plants attacked 
by anecrotic mosaics. Two internal phloem strands are seen in cross section, svirroundiMl 
by pith cells and, at the periphery, by some xylem vessels. B. In the midst a necrotic 
phloem strand typical of potato plants suffering from leaf roll. The necrosis is re- 
stricted to the sieve tubes and companion cells. It occurs in the internal as well as in 
the external phloem. C. Tuber of American potato variety (G-reen Mountain) taken 
from a plant, infected by leaf roll from a European variety (net necrosis of Gilbert, 2t5). 

SECTION III: TOP NECROSIS (aCRONECROSIS, LAT. ) 

Necrosis radiating from only a rather small percentage of the inteimal 
2ohloem strands, almost never from the external phloem strands, into the 
surrounding parenchyma, this in turn surrounded ly a cork camlium, ex- 
cept in the tender Ups, which are soon killed; occurring in foliage, stem, 
and tuhers. In tlie tender leafy tips an internal necrosis appears and is 
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at first localized in certain phloem strands inside the xylem, from which 
centers it soon progresses radially in the surrounding parenchyma and 
appears at the surface. The young leaves of the tips then develop necrotic 
spots (Fig. 4, A). These necrotic spots of leaves, petioles, and apical stem 
end later coalesce to the extent that the tender tips of the shoots are en- 
tirely killed (Figs. 5, A, and 6, A). 



Eig. 2. A. Necrosis radiating from the internal phloem in the surrounding 
parenchyma as it occurs in some Dutch, German, and English potato varieties that have 
been grafted with scions of apparently healthy plants of the American varieties Green 
Mountain, Irish Cobbler, and Ease 4, the Scotch variety Duke of York, and the Drench 
variety Jaime d^Or. This necrosis is the histological characteristic of the disease called 
top necrosis or aeronecrosis in this paper. D. Portion of A enlarged. Dy the formation 
of cross walla a cork cambium of flat cells is being formed that separates the necrotic 
cells from those still sound. 

Immediately below the dead tips the strands of necrotic tissue consist- 
ing of phloem and adjacent parenchyma cells are surrounded by a layer of 
cork cells. In figure 2 it can be seen that by the formation of cross walls 
a cork cambium of flat cells has arisen. In the leaves directly below the 
affected tips, necrotic spots, only, are found; the leaves still lower down 
remain free from spots. Although the phloem necrosis found in plants suf- 
fering from leaf roll is restricted to the sieve tubes and companion cells and 
can be seen only with high-power objectives, the phenomenon described here 
can be seen with a pocket lens and, in the tubers, it is plainly visible to the 
naked eye, appearing as large blotches. In the tubers, also, it starts from 
the internal phloem and sometimes the apical eye is killed (Fig. 7, A). 

The top-necrosis virus is sap-transmissible ; but, whether it is transmis- 
sible also by Myztis persicae is doubtful. Thus far nothing has been seen 
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wliicli points to tlie possibility of transmission by insects (c/. Blze s paper^ 
in tMs number of Phytopathology). 

No x-boclies liave been found by Hog’gan in American healthy potatoes 
carrying this virus. 

After grafting scions of apparently healthy Green Mountain, Irish 
Cobbler, Rose 4 (American), Duke of York (Scotch), and Jaime d^Or 
(French) onto several Dutch and German varieties, top necrosis showed 
up in the grafted plants. The apparently healthy scions used in this ex- 
periment were carriers of a virus that produced in both the Dutch and the 
German varieties a disease that had never before been observed in Holland 
under field conditions. (It has, however, been observed by the writer in 
the ‘^massif central' ’ of France.) 

Top necrosis may be caused by more than one virus (69) . For the pur- 
poses of this discussion, the group as now known may be divided tentatively 
into two types, A and B. This division is somewhat suggestive of the clas- 
sification of the rusts into biotypes. 

Type A includes: (1) A virus that is latent in the Scotch variety Duke 
of York and is semilatent in Zeeland Blue, causing a mosaic in this variety ; 
(2) a virus that may he identical with (1) but is known to he latent in the 
American varieties Green Mountain, Irish Cobbler, and Rose 4; and (3) a 
virus recently found to be carried by the French variety Jaune d’Or and 
which may possibly be identical with (1) and (2) of this type. 

Type B is represented by a top-neerosis virus that is carried by some 
strains of the Dutch varieties Monoeraat and Roode Star and is distinct 
from the viruses of t}T)e A, since it produces necrotic symptoms in Duke of 
York, a carrier for the viruses of type A, and in Zeeland Blue, a variety 
in which the viruses of type A are semilatent and cause a mosaic. 

The virus of yellow dwarf may perhaps be included in this sec- 
tion. According to the description of Barrus and Clmpp (5), this disease 
resembles top necrosis. From a histological point of view their description, 
however, is very incomplete. It differs from the viruses of types A and B 
in that the symptoms it produces appear in inoculated plants of the variety 
Green Mountain when grown at high summer temperatures, but fail to de- 
velop in this variety when the inoculated plants are grown in the cool sum- 
mer climate of Holland. Fernow, in his letter acecompanying the tubers 
sent from America, wrote that the development of this disease is favored 
by growing the plants at 15° C., until they are 5 to 6 in. high and then 
transferring them to a temperature of 25° C. 

That Hoggan did not find x-bodies in healthy American Green Moun- 
tain does not seem to exclude the possibility of their occurrence in varieties 
showing symptoms of top necrosis (c/. 6). 



1931] Quanjer; Attempt to Classify and Name Potato Viroses 599 

SECTION IV; ACEOPETAL NECROSIS 

Necrosis chiefly in the collenchyma of the leaf veins, petioles, and stems, 
in cases extending grachially to other tissues, no restriction hy a cork cam- 
hiurn. The advance along the stem is acropetal. Dropping of lower 
leaves. Eugose mosaic (Schultz and Folsom) and a part of the diseases 
collectively known as crinkle and streak are characterized by this type of 
necrosis. 



Fio. 3. A. Necrosis beginning in the collenchyma of the ^talks as it occurs in some 
Butch and American potato varieties that have been grafted with scions of apparently 
healthy plants of the old Butch varieties Zeeland Blue, Botergele, Bloemgraaf jes, and 
Gladblaadjes, and of the new Butch variety Thorbecke. This necrosis is the histological 
characteristic of the disease described as acropetal necrosis in this paper. Some related 
but not identical forms of this disease occur in Europe and America. They have been 
described as streak, stipple streak, crinkle, and rugose mosaic. B. The same ‘^eollen- 
chyma necrosis’^ in the ^‘wing^^ of the stalk. C. The same necrosis as that found in 
the collenchyma adjacent to the veins of the most strongly downward-curved parts of 
the leaves of plants suffering from crinkle or rugose mosaic. The strongest necrosis is 
visible in the collenchyma adjacent to the upper side of the vein,* the necrosis also is 
visible in two spots of the collenchyma adjacent to the under side of the vein. 

In most of the types described as crinkle and in rugose mosaic, the same 
necrosis of the collenchyma is found as is typical for acropetal necrosis, hut 
it is largely restricted to the collenehyma adjacent to veins of those parts 
of the leaves that are most strongly curved downward (Fig. 3, C) ; 
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the necrosis does not extend to the petioles and stems, nor do the tubeis of 
the plants suffering from rugose mosaic or crinkle show distinct effects of 
the disease. The perpetuation symptoms in crinkle may he somewhat more 
severe than the inoculation symptoms, but they are of the same type and 
are annually recurrent* Yet, rugose mosaic, crinkle, and streak are very 
closely related; in both, the lower leaves, in which the collenchyma necrosis 
is most developed, drop prematurely, and the same virus in one variety luay^ 
produce a rugose mosaic or crinkle and in another variety a streak. 

The virus causing rugose mosaic has a rather high thermal death 
point (41). 

No masking of symptoms by high temperatures occurs in this group. 
No x-hodies have been found (34). 

Quail jer and Oortwijn Botjes (69) have described dift'erent types of this 
group occurring in Holland. In type A, Atanasoff\s aeropetal necrosis, 
necrotic spots adjacent to the veins and conseciuently angular appear in tlie 
lower and middle leaves, not on the top leaves (Figs. 4, B ; 5, B ; and 6, B), 
the necrosis beginning in the collenchyma of the leaf veins, leaf stalks, and 
stems (Fig. 3, A and B) ; superficial necrotic areas appear also on 
the tubers [Fig. 7, B). 

The second-year plants as a rule are small, show severe crinkling, and 
are brittle as glass; their leaves are spotted, their veins are brown, their 
lower leaves drop off early in the growing period, and their stems are heav- 
ily striped. The necrosis extends to the interior and the plants die ];)re- 
maturely; the tubers are small and the necrosis extends deeper in them 
than in the first-year tubers. They die, as a rule, during storage. 

This disease shoves complete symptoms in the varieties Paul Kruger, 
Duke of York, and Green Mountain; it occurs in a semilatent form resem- 
bling Murphy’s crinkle or Schultz and Folsom’s rugose mosaic in the varie- 
ties Bravo and Bose 4 and in a still more suppressed form as mild rugose 
mosaic in the variety Eigeuheimer. It is present in an entirely masked 
form in the old Dutch varieties Zeeland Blue, Botergele, Bloemgraaf jes, 
and Gladblaadjes. A somewhat more virulent type of this disease oceurs 
in a wholly masked form in the Dutch variety Thorbecke. 

Attenuation of the streak virus carried by Zeeland Blue has been 
brought about by the writer by allowing it to pass through a potato seed- 
ling which itself acted as carrier. For this reason differences in severity 
of the symptoms are not to be regarded as a reason for classifying a virus 
as a different type. 

A rugose mosaic in CowBorn from America behaves in Paul Kruger as 
an aeropetal necrosis, which is not distinguishable from that of type A. 

What seems to he another type (B) of aeropetal necrosis has been found 
by Oortwijn Botjes in the fields in the variety Noordeling. In plants of 
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Fig. 4. A. Top necrosis or acroiiecrosis showing' up in the tender tips of the lateral 
shoots of Paul Kruger (President) the stalks of which have heeii grafted with apparently 
healthy plants of Green Mountain. The necrotic spots developed wdthin about 12 days 
after the grafting took place. This disease is characterized by necrosis radiating from 
the internal phloem in the surrounding parenchyma (Fig. 2 A. and B.). B. Aeropetal 
necrosis showing up in the expanded leaves of Paul Kruger, which have been grafted 
■with apparently healthy plants of Zeeland Blue. The necrotic spots developed about 12 
days after the grafting took place. They extend from the collenchyina adjacent to leaf 
veins, petioles, and stems. 

Bravo, bearing grafts of the disease occurring in the field, a type of crinkle 
appears somewhat different from that produced by grafting Bravo with 
scions of Zeeland Bhie. The rugosity in the latter type of crinkle is more 
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severe than in the former ; also, there is more mottling in the latter than in 
the former. When scions of Zeeland Blue are grafted on Noordeling the 
resulting symptoms include more leaf drop than is typical of the diseased 
Noordeling in the field. Each of these two viroses, which have many 
points in common, retains its individuality unchanged through a long temi 
of years. 

Also considered to belong to this group is rugose mosaic in (freen Moun- 
tain. A difficulty in diagnosing it on the differential host Paul Kruger 
arises through the appearance of top necrosis in the latter. The transmis- 
sion on Duke of York, which itself is a carrier of top necrosis, resulted in 



Fig. 5. A. Top necrosis or acronecrosis as seen in the differential host variety 
Paul Kruger 18 days after it has been grafted with the carrier Green Mountain, The 
tops of the lateral shoots, developing beneath the graft, are killed. B. Acropelal 
necrosis as seen in the differential host variety Paul Kruger 18 days after it has bei'ii 
grafted onto the carrier Zeeland Blue. The expanded leaves of the side shoots develop- 
ing under the graft are covered with necrotic spots beginning at the collencdiyma of the 
leaf veins, petioles, and steins. These leaves are killed and reiiiairi hanging down from 
their point of attachment. 

tile appearance of rugose mosaic in this variety. Also a crinkle in the 
variety Up to Date, from Ireland, behaved as rugose mosaic in Paul 
Kruger. 

This section, no doubt, will be found to contain still further types and 
a classification in A, B, etc., must be looked upon as provisional in charac- 
ter. How far Salaman^s crinkle A, para-crinkle, and streak A are related 
to the tjTies thus far studied mirst be determined by comparison on standard 
varieties. 
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Pig. 6. A. A lateral shoot of a Paul Kruger plant 24 days after the main stalk 
has been grafted with Green Mountain. The top necrosis has killed the tender tip as 
well as a nearly developed leaf. It extended to the lower leaflets of a fully expanded 
leaf; necrotic spots are developing on the other leaflets of this leaf. The lower leaves 
remain free from spotting. B. A side shoot of a Paul Kriiger plant 24 days after the 
laain stalk has been grafted with Zeeland Blue. The leaves of this side shoot were 
covered with angular necrotic spots beginning at the collenehyma of the ribs and ex- 
tending over the petioles and the stem. The youngest leaves at the top remain free from 
symptoms^ as is typical for acropetal necrosis. 

Whereas the types A and B of top necrosis described above differ from 
each other in the range of varieties that show symptoms and are, in this 
respect, comparable to the biotypes of the rust fungi, the types of acropetal 
necrosis mentioned here show, besides differences in the range of reacting 
hosts, also slight differences in the type of symptoms produced and for this 
reason are comparable to the biotypes of Collet oirichurn L%ndenmiMamim. 

It would be extremely interesting to know if the relation of the mem- 
bers of the aeropetal-necrosis section also can be proved by Johnson’s 
methods. 



604 


Phytopathology 


[VoL. 21 


SECTION V : PHLOEM PARENCtlYMA NECROSIS OF THE TUBER 
( PSEUDO-NETNE CROSIS ) 

Necroiic spots in the storage parenchyma next to the external and 'inter- 
nal phloem of the tuhers only; no foliage sym 2 ^toms. The disease is pc'r- 
petiiated ly the seed tubers. The necrotic areas are spot-like rather than 
hlotehy (as in top necrosis). The diseavse does not resemble n(d:neer()sis 
{of. Pig- '8, A and B) with which it has been confused by Atanasoff (4), 
hence the name pseudo-netnecrosis, which the writer originally gave to the 
disease, but which has the disadvantage of being derived partly from 
English and partly from Greek. Therefore, the name phloeni-parenchyma 
necrosis of the tuber may have advantages for international use. Phloem- 
parenchyma necrosis of the tuber is sap- and aphis-transmissible (68). 
High temperature during tuber storage encourages the development of the 
sjmiptoms. 

A disease called ‘‘vererbliehe Eisenfleckigkeit’' by Pruwirth (25) is 
probably caused by the same virus. 

SECTION VI; CONCENTRIC NECROSIS OF THE TUBER 

Necrotic spots in the storage parenchyma demonstrating theniselves 
on the cut surf ace as concentric brown rings arising from some point O'H the 
skin, often a leniicel. This disease is not perpettiated by the seed tiibers. 
The rings (Fig. 8, e) are composed of necrotic cell groups whieh resemble 
in their microscopical features those inside and outside the xyleni in phloem- 
parenchyma necrosis (42). The cell groups, however, are arranged in con- 
centric rings in concentric necrosis. Infection takes place from the soil, 
evidently through some of the lenticels (cf. Chapter 1). There is no trans- 
mission by seed tubers, (92), (4), (67). 

The disease is already developed at the end of the growing period, 
hence the wound-cork tissue around the necrotic spots is more extended 
than in phloem-parenchyma necrosis. 

The disease has the popular name ‘‘kringerigheid’’ in Holland. It is 
known in Germany under the name ''Pfropfenbildung'' and a part of tlie 
German ‘‘Eisenfleekkeit’' and the American and English ‘internal broM'ii 
spot” or internal rust spot” may be identical with it. In the Preneh 
paper of Schwellengrebel the disease is called ''Maladie des taehes en 
couronne.” 


BISCUSSION 

One can hardly deny the existence of a whole world of organisms 
extremely small, invisible or hardly visible, and not yet cultivable apart 
from the living host, that cause plant viroses. The multiplication of all the 
viruses in their hosts, the occurrence of what seem to be species, varieties, 
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Fig. 7. A. Above, the tubers of originally virus-free plants of the varieties Paul 
Kruger, Bevelander, and I?^err^s Pink, dug 3 to 4 months after the mother tubers had 
been core-grafted with an apparently healthy Green Mountain carrying top necrosis or 
acronecrosis. Below, the same tubers, cut. The necrosis radiates from the internal 
phloem and may kill the apical eye. B. Above, the tubes of originally virus-free plants 
of the varieties Paul Kruger, Duke of York, and Green Mountain, dug 3 to 4 months 
after the mother tubers had been core-grafted with apparently healthy Zeeland Blue 
carrying acropetal necrosis. Below, the same tubers cut. The necrosis is superficial, 
agreeing with what can be seen in the stalks (where it begins in the eollenehyma). 



Pig. 8. A. Netneerosis (pliloem necrosis in the tubers of Green Mountain) for 
coinparison with B and C. B. Pseudo netneerosis, or phloem parenchyma necrosis of 
the tuber, at the left and in the middle in variety Boode Star, the necrotic spots are in 
the phloem parenchyma inside and outside the xylem ring. At the right in variety Paul 
Kruger, where the necrotic spots are visible at the surface near the heel end. C. 
Concentric necrosis of the tuber at the left in the Dutch varieties Alpha and Boo de- 
schoolsche Jam, at the right in the German variety Birektor Johansen, where it is visible 
at the surface. 

and biotypes, the phenomena of attenuation, and increase of Yirnlence sug- 
gest their parasitic nature. Also, the waiting period’^ of some of the 
viruses in the bodies of the transmitting insects, evidence for which has been 
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furnished hy Severin, Kunkel, Elze, Storey, and Smith, is, in some cases 
at least, suggestive of parasitism. This holds true especially for the virus 
of aster yellows with its long incubation in Cicadula seznoiata: The impos- 
sibility of growing the viruses in vitro carries wdth it the impossibility of 
differentiating between them by means of ehemically different nutrient 
media or by differing chemical reactions on identical media, as is done with 
bacteria. This is the reason why identification and differentiation are 
dependent largely on symptomatology. 

Earlier descriptions of the morbid symptoms in plants suffering from 
viroses are frequently not specific, detailed, or accurate enough. For this 
and other reasons, Johnson presented a classification of some tobacco viroses 
chiefly on the basis of physical properties determined in the virus-containing 
juices and their behavior towards treatment by chemicals. Later he 
applied the same method of classification to some of the potato viroses. 
While such direct methods offer great possibilities, especially for the knowl- 
edge of the nature of the viruses concerned, it can not be expected from 
these methods that they give any information on the properties of the 
viruses which interest us most, i.e.^ their properties as pathogenes. 

It has here been shown that the indirect method of symptomatology can 
be improved by histological and physiological refinement in connection with 
appropriate hosts, appropriate transmission, and control of environmental 
conditions and that a classification and nomenclature of some potato viruses, 
at least, is possible on the basis of well-defined pathological conceptions. 
To terminate the indiscriminate use of confusing names for an ever-increas- 
ing number of mosaics, crinkles, and streaks, it is proposed to adopt tbe 
nomenclature presented in this paper and to develop it further. 

Furthermore, it is suggestive for the study of the nature of the viruses 
concerned to observe that, at least in those varieties 'which are liable to 
necrosis, they select different plant tissues on which to exert their enzymes 
and toxins. The leaf -roll virus acts on the sieve tubes and eompaiiion 
cells ,- the top-neerosis viruses, on the parenchyma surrounding the internal 
phloem; the viruses causing acropetal necrosis, on the collenchyma first; 
the virus causing phloem-parenchyma necrosis, on the storage parenchyma 
of the tubers, only ; while some of the mosaic viruses thus far seem only to 
injure the mesophyll of the leaf without causing actual necrosis. 

There is an interesting morphophysiological problem in the correlation 
of a necrosis radiating from the internal phloem with the killing of the 
tender tips and in the correlation of a necrosis extending from* the eollen- 
chyma with a killing effect advancing acropetally. The solution of this 
problem must be the aim of future work. 

The difference in plant tissues attacked must be due to chemical dif- 
ferences in the causal agencies. Although classification of plants and 
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animals, as a rule, is based on morphology, it is in some eases not objection- 
able to classify them on a chemical basis as well. Johnson has done this, 
for his diagnostic features of the property type must be attributed to 
eliemical characteristics of the yiruses concerned. 

And in a more general way we may take it as granted that even form 
in the vegetable and animal kingdom is a function of chemical processes. 
Thus, chemical agreements or differences may he of taxonomic value. This 
being true, the basing of a classification and a nomenclature of viruses on 
clearly definable necrotic effects, typical for each of them, may be considered 
a valid principle in virological studies. 

SUMMARY AND CONCLUSION 

From the discussion in the foregoing on the principal methods of identi- 
fication, differentiation, and classification of plant viruses, and tlieir respec- 
tive advantages and disadvantages, we may conclude that our present 
knowledge is insufficient for classification of plant viruses and that the 
method of morbid anatomy and physiology thus far is somewhat neglected. 

A standard named collection of potato-virus material from the leading 
wurkers of the Old and the New World being available, it was attempted 
to find a new basis for the classification and nomenclature of the viroses of 
the potato — Abased on such characteristics as can he recognized by every- 
body able to use a microscope. 

The principle has been followed that a potato virus should be identified, 
named, and classified after the morbid effect it has on a variety tliat shows 
clearly definable internal symptoms. None of the Solanaeeae other than the 
potato have been used to test the viruses for this purpose. For interna- 
tional corroboration and agreement on nomenclature, a stock of the same 
differential host varieties should be grown in a virus-free state at all 
research stations where potato-virus studies are in progress. One of the 
best differential hosts is the variety Paul Kruger, called President, in 
England. 

To avoid further trouble resulting from the use of descriptive names 
for an ever-increasing number of mosaics, crinkles, streaks, and spottings, 
the writer proposes the following as an international nomeiiciature for the 
potato diseases of the virus type : 

Anecrotic mosaics (the result of later work may be that some of the 
members of this section must be classed under one or more of the groups 
of necrosis). 

Phloem necrosis (containing thus far one disease, called leaf roll, or as 
inoculation symptom in tubers of Green Mountain, net necrosis). 

Acronecrosis (or top necrosis, a disease produced by healthy-potato 
virus occurring in most of the American standard varieties and in a Scotch 
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and a French variety. The disease shows tip after grafting these earriers 
on to a differential host). 

Acropetal necrosis (containing rugose mosaic and a part of the diseases 
hitherto called crinkle and streak. Viruses belonging to this group may 
be latent in some European varieties, which consequently behave as 
carriers). 

Phloem-parenchymci necrosis of the tuler {Psendo-netnecrosis) (no 
foliage symptoms belong to this disease, which is perpetuated by the seed 
tubers). 

Concentric necrosis of the tuher (no foliage symptoms. This disease is 
not perpetuated by the seed tubers; infection takes place from the soil, 
obviously through the lenticels). 

Short descriptions of the histological features characteristic for each of 
the six respective sections are found in the eighth chapter. 

It is hoped that the grouping of potato viroses after the system outlined 
in this paper wull, in future investigations, prove consistent with results 
obtained through other ways of approaching the problem, and that the 
system, still in a tentative stage, may appear applicable to other viroses not 
yet sufficiently studied histologically, 

Laboratorium voor Mycologie en Aardappelonderzoek, 

(Paper No. 58) 

Instituut voor Phytopathologies 

Landboitwhoogeschool, 

AAAgeningen, Holland. 
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THE INHERITANCE OF THE REACTION OF MAIZE TO 
GIBBERELLA SAUBINETII^ 

K . G , M D I N D 0 E 
INTRODUCTION 

The use of resistant varieties in the control of root-rotting diseases of 
maize is universally recognized as the method giving most promise. A pre- 
requisite to the production of such varieties is the isolation of resis- 
tant selfed lines, the resistance of which is then to he combined with advan- 
tageous characters of other lines in producing the desired varieties. It is 
ill the combination of such lines that knowledge of the manner of inheri- 
tance of reaction to the disease becomes useful. The present investigation 
was conducted mainly with the intention of obtaining^ this information. 

Gibherella smCbineiii (Mont.) Sacc. of late years has been recognized as 
largely contributory in causing root and stalk rots of maize in the Corn 
Belt of the United States. Investigation of the disease in Minnesota has 
mostly centered around this pathogene. Its deleterious effect is most obvi- 
ous upon the seedling, and, according to the extent of injury, the reddish- 
brown lesions may be purely local on coleoiotile, coleorhiza, mesocotyl, and 
primary and seminal rootlets, or may involve the greater part of the devel- 
oping embryo. In extreme cases, the mesocotyl (the structure between the 
base of the coleoptile and the attachment of the scutellum) may be entirely 
rotted through, in which case the food supply to the young leaves is cut off 
and the plant wilts. Early production of adventitious roots from the first 
node may enable the plant to avoid destruction, even though the mesocotyl 
may be well rotted. Such plants may appear to be perfectly healthy above 
the ground and, indeed, may remain so. In others the adventitious roots 
do not appear early, the leaves do not receive adequate nourishment, and 
the plants either die or linger on in an attenuated fashion. The study of 
the inheritance under discussion necessitates the isolation of selfed lines of 
maize which exhibit decided differences in their degree of resistance. At 
the initiation of the investigation herein described such differences had 

1 This study is a phase of the investigations conducted by the Division of Agronomy 
and Plant Genetics, in cooperation with the Division of Plant Pathology and Botany, 
on the general problem of disease resistance in plants. A thesis presented to the faculty 
of the Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. The author wishes to express 
his indebtedness to Dr. H. K. Hayes for direction and eritieism throughout the study. 
To Dr. E. C. Stakman and to Dr. J, G. Leach his thanks are also due for criticism and 
suggestions regarding the manuscript. Published with the approval of the Director as 
Paper No. 973 of the Journal Series, Minnesota Agricultural Experiment Station. 

615 



616 


Phytopatholokt 


[VoL. 21 


already been broadly established by greenhouse experiments conducted by 
the Divisions of Agronomy and Plant Genetics and Plant Pathology and 
Botany, at the Minnesota State Agricultural Experiment Station. The 
lines thus distinguished Avere therefore available. In dealing with such a 
quantitative character as disease reaction, the experimenter is indeed fortu- 
nate if he has immune parental stock, i.e., lines homozygous for complete 
resistance. The material available in this study AA'as in no AAmy remarkable 
in possessing this desirable attribute; in fact, as Avill be shoAvn later, certain 
environmental conditions Avould transform apparent high resistance into 
complete susceptibility. HoAvever, under the circumstances, resort Avas had 
to the best that offered, remembering that the variability of the reaction Avas 
likely to preclude any simple explanation of the results. 

PREVIOUS INVESTIGATIONS 

The more strictly pathological phases of cereal root-rotting disea.ses are 
naturally fundamental to any study of the inheritance of such diseases. 
Symptomatology of the diseases, identification of the pathogenes involved, 
their relative Aurulence, and their distribution are aspects of the matter that 
seem scarcely relevant in this paper, and consequently detailed reference to 
such Avork may Avell be omitted. Suffice it to say that the recognition of 
the predominant influence of Gibherella, sauhinetii by Hoffer, Johnson, and 
Atanasoff (5), as Avell as by Dickson, Johann, and Wineland (3), in caus- 
ing root rot of maize focussed attention upon its potentialities. 

The study of seedling reaction of maize and A\’heat to Gihherella sauM- 
netii hinges largely about the Avork of Dickson and Holbert. Dickson 
(1, 2) demonstrated the relation betAveen the environment and the expres- 
sion of disease SAuiiptoms. He shoAved that the temperature of the soil is 
the most important single factor determining the extent of seedling bliglit 
and that, -while temperatures of 12° to 28° C. favored the blighting of 
-wheat, maize seedlings Avere more subject to attack betAveen 8° and 20° C. 
Resistant and susceptible strains -vv'ere isolated, and, Avhile the latter suc- 
cumbed at temperatures loAver than 24° C., the former AA-ere not attacked 
until grown at temperatures loAver than 16° C. Dickson’s explanation of 
the difference in reaction of Avheat and maize involved consideration of the 
changes in metabolism of the host produced by differences in temperature, 
so that the manifestation of disease -wms conditioned more by host reaction 
than by fungus response to the varying temperatures. At temperatures 
unfavorable to the groAvth of the host, its metabolism became “unbalanced” 
and predisposition to attack -n-as increased. 

The same author (1) also found that the extent of blighting of Avheat 
seedlings other factors being favorable for infection — ^ aa^s directly proper- 
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tional to the amount of infestation, ie., to the amount of inoculum in con- 
tact with the seedling. With wheat, also, he showed that low soil moistures 
increased the percentage of blighted seedlings at all temperatures. 

That factors other than intrinsic metabolic processes may be operative 
ill conferring apparent resistance or susceptibility has recently been sug- 
gested by Peterson (9). While admitting the influence of such intrinsic 
processes, he would prefer to attribute the apparent resistance of seedlings 
to the power possessed by them of producing a functioning nodal root sys- 
tem before the mesocotyl becomes completely rotted by the fungus. The 
leaves of such strains as are not capable of the early production of nodal 
roots are wilted quickly as a result of the severance of their food supply. 

It is probable that a combination of both intrinsic resistance and such 
^‘avoidance’’ of destruction is active in producing the final result. It be- 
comes apparent, however, that the influences which determine the estimated 
degree of resistance are by no means simple and that we are dealing with 
a complex reaction, 

A further factor that may be connected with resistance of the mature 
plant has been suggested by Hoffer and Carr (6) . Their contention is that 
plants which contain the largest quantities of aluminum and iron salts ap- 
pear to develop the most severe eases of root rot, provided other conditions 
are favorable for infection. Deficiency of available phosphates also seems 
to favor fungous infection. They suggest that the power of selective ab- 
sorption of these metals may he hereditary and thus influence the incidence 
of disease. 

Dickson and Holbert (4), in preliminary studies on the inheritance of 
disease reaction, come to the only conclusion appearing in the literature on 
this subject. They state that ‘^first-generation hybrids between (these) 
resistant and susceptible strains are susceptible to seedling blight at all tem- 
peratures, That is, susceptibility is dominant in such crosses. ’’ They 
give no experimental details in support of this statement. 

experimental materials 

The parental cultures employed in the inheritance investigations con- 
sisted of 27 selfed lines of maize, comprising 3 varieties, viz, 9 lines of Min- 
nesota 13, 10 lines of Rustler, and 8 of Northwestern Dent. All these lines 
had been selfed previously from 7 to 14 years and therefore could be as- 
sumed to be reasonably homozygous. Within the lines of each variety, all 
possible crosses had been made in 1927, 1928, and 1929, so that, with the 
exception of a very few crosses unavoidably lost, almost all these crosses 
were available for testing in the greenhouse. Wherever possible, the most 
recently produced seed was used, but, if not available, recourse was had to 
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seed from tlie previous year. A total of 105 crosses were thus employed. 
Preliminary tests were condueted in the winter of 1928—29 on parental lines 
and Fi crosses, but, on account of variable greenhouse temperatures, the 
results were not considered sufficiently reliable. However, these experi- 
ments adequately indicated broad differences between the various lines, and, 
with this knowledge, certain crosses were selected for further study in the 
F 3 generation. 

In the winter of 1929-30, therefore, there were available the parental 
lines, the F^ crosses, and certain F 3 lines obtained by growing the Fo in 
the field in 1929 and self -pollinating plants at random. The crosses from 
which these F^ lines originated were selected on the basis of the reaction of 
the parents giving rise to them. Five such crosses were selected as follows; 


Minn. 

13 

43x46 

Resistant x Susceptible 

Minn. 

13 

43x47 

Resistant x Susceptible 

Minn. 

13 

49x50 

Susceptible x Intermediate 

Rustler 

58x60 

Susceptible x Susceptible 

N. W. Dent 

64x66 

Intermediate x Susceptible 


It was somewhat nnfortmiate that of all the lines tested only one, 43, 
conld be called resistant. Consequently a cross Eesistant x Resistant could 
not be selected. 

Throughout the study, a single physiologic form of Gibber ella saithi- 
netii was used, which originally was obtained by the Department of Plant 
Pathology from L. R. Jones of Wisconsin and designated b^^ Tii (10) as 
Fusarnmi graminearuni form I. Of the three forms identified by Tu, this 
form was found by him to be most virulent in causing head blight of wheat, 
and preliminary experiments conducted in connection with the present in- 
vestigation indicated that its pathogenic properties were similarly mani- 
fested in producing root rot of maize. It was also distinguished by its 
ability to form peritliecia in pure culture, a property not displayed by the 
other two forms. 


EXPERIMENTAL METHODS 

As has already been indicated in the introductory seetiou, environ- 
mental conditions modify considerably the expression of disease symptoms. 
Consequently, reduction of variability in such conditions becomes an es- 
sential if reliable bases of comparison are to be made. Temperature, as 
well as soil moisture, light intensity, and amount of inoculum are the chief 
factors to he considered, and, of these, variation in temperature creates the 
greatest disturbance. 

Absolute control of temperature in a large greenhouse is of course quite 
impossible ,* nevertheless, by the use of radiators equipped with blowers 
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aiitoniatically regulated by tliermostats, it was found tliat the air tempera- 
ture could be controlled during the winter months within the limits of 
about 3° C. 

By maintaining the air temperature as near as possible to 20'" C., the 
soil temperature as a rule approximated 15° C. This temperature was 
sought, for, though low enough to permit manifestation of infection in 
the great majority of lines, it still allowed sufficient growth of the plants. 
AA'ith the variation in air temperature, the soil temperature naturally 
fluctuated concomitantly, though never to the same extent, owing to lag. 
As a general rule, the variation in soil temperature was rarely more than 
2° C. about the selected temperature (15° C.). A diurnal fluctuation was 
always present, with the highest temperatures from noon to 4 p. m. and 
the lowest from 4 a. m. to 8 a. m. This fluctuation was particularly accen- 
tuated if the sun hapi^ened to shine during the day. The air and soil 
temperatures were recorded on a thermograph actuated by two thermo- 
couples, one buried 2 inches in the sand and the other supported about 4 
inches above the surface. Owing to the fact that the radiator in each 
greenhouse was situated at one end of the house, it w^as necessary to main- 
tain air circulation by judicious placing of electric fans about the floor. 
Even with this precaution, it w^’as frequently found that an absolutely 
uniform distribution of temperature w^as difficult of attainment, so that 
local regions of the sand benches tended to show divergences of tempera- 
ture of about 2°. This divergence may seem small, but its effect as ex- 
pressed by the survival of the plants was plainly noticeable. 

The seedlings were grown in clean, freshly dug sand of a fairly coarse 
texture, which could be considered reasonably free from pathogenic 
organisms likely to vitiate results. This sand w’^as watered every day and 
thus kept quite moist. Two greenhouses were used, and each contained 
two benches running longitudinally at 'waist height, and about 6 inches in 
depth. One bench in each house was used habitually for inoculated seeds 
and the other planted with seeds of similar strains treated 'with a Semesan 
solution. Limitation of space, as well as of time, naturally puts a definite 
restriction upon the extent of trials designed for the purpose of reliable 
appraisal of relative resistance or susceptibility. The method finally 
adopted was to plant 60 seeds of each parental culture, cross, or Pg line. 
These seeds were distributed as follows: Thirty w^ere inoculated with the 
pathogene and planted immediately in two replicates of 15 seeds each. 
The remaining 30 were treated with the Semesan solution and also planted 
in two replicates of 15 seeds each, thus serving as checks. Earlier experi- 
ment had shown that very little difference was discernible between the 
plants from seed planted without any treatment whatsoever and plants 
from those treated with Semesan. Consequently, it was concluded that 



620 


Phytopathology 


[VoL. 21 


extraneous organisms already located upon the seed or possibly in the 
sand had little effect in influencing the incidence of disease symptoms on 
seedlings. Nevertheless, in order to obtain an accurate estimate of the 
germination and growth potentialities of the lines tested, the elieck plants 
were always treated wdth Semesan before planting. 

To expedite the inoculation and planting of the seeds, the following 
procedure was adopted: The sand in the benches was thoroughly wetted, 
and holes each inches deep were stamped in it for the reception of the 
seeds. For this purpose, a stout board studded with pegs arranged in rows 
2 inches apart and an inch between the pegs was employed. Hence the 
various lines could be planted at a uniform depth and in a regular succes- 
sive manner. In inoculating, each group of 15 seeds was immersed for a 
few seconds in a solution containing a mixture of spores and mycelial frag- 
ments and immediately planted. The sand was then lightly raked over, so 
as to cover the holes. The inoculum was prepared by mixing tap water 
with a pure culture of Gihlerella saulinetii which had been growing for 
about 10 days on a moist mixture of wheat and oat grains. The niixture 
was strained through cheesecloth to remove the grains. Throughout the 
experiments, an effort wns made to maintain the concentration of the inocu- 
lum as uniform as possible by so diluting it until about 30-50 spores were 
visible under the low-power field of the microscope. Planting and treat- 
ment of the check plants w^ere carried out in an exactly similar manner, 
except that a 0,02 per cent solution of Semesan was substituted for the 
spore suspension. 

About 4 weeks after planting, the seedlings reached a stage suitable for 
note taking. To illustrate the method adopted in this work, an excerpt 
from the notebook is given below; 


Culture 

number 

Green- 

liouse 

number 

Total 

number 

of 

seedlings 

Number 

stunted 

Number 

not 

appear- 

ing 

Vigor 

Number 

free 

from 

infeetion 

Number 

locally 

infected 

Number 

(‘omplGtely 

infected 

3 

A 8 

3 

2 

12 

1 



35 


B8 

5 

2 

10 

1 



35 


08 

12 


3 

3 





H 8 

9 


6 

3 




4 

A9 

13 

1 

2 

4 

7 

2 

6 


B9 

12 

3 

' 3 

3 

2 

2 ■ 

11 


G9 

15 



5 





D9 

15 



4 





The letters A and B represent the replicates inoculated with Gibberella, 

while the letters C and D represent these replicates treated with Semesan’ 
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In any line, some plants generally appear, above the gTound, to be quite 
healthy and they remain so. Others reach a height of i inch to 2 inches, 
and then, because of destruction of the subterranean parts by the fungus, 
begin to wilt and finally become stunted or die. Still others do not appear 
at all. Therefore, provision is made in the notes for these characters. In 
obtaining the notes on vigor, an arbitrary scale was set up ranging from 1 
to 5. Thus, a line possessing highest vigor, as judged by its general aspect, 
was designated as 5, one possessing medium vigor as 3, one showing little 
vigor as 1, and so on. Skill in the allocation of indicative numbers is a 
matter of experience, which a little practice soon gives. 

In estimating the degree of resistance possessed by each line when 
grown under conditions favoring infection, some criterion becomes neces- 
sary. Although an attempt is made to maintain the seedlings of any cul- 
ture under exactly similar environmental conditions, it is obvious either 
that such iinif ormity rarely obtains or, else, the seeds in each selfed line or 

cross are not homozygous, for some seedlings remain healthy, while 
others in the same culture may wilt or die even before emergence. (Figs. 
1, 2, 3, and 4). We presuppose that homozygosity exists, so that we must 
conclude that a state of ‘‘balance” exists between the forces contending 
for the life of each culture. A few cultures are able to withstand wholly 
the inroads of the fungus; in some slightly varying opportunities for in- 
fection lead to the death of some seedlings and the continuance of others. 
It is therefore reasonable to assume that the higher the degree of resistance, 
the greater the number of surviving plants in each culture. Consequently, 
the number of plants appearing healthy above ground was employed as a 
basis for estimating the degree of resistance. To arrive at this number, the 
“number stunted” was subtracted from the “total number,” in each case. 
Thus was obtained a number for each replicate, varying from 0 to 15. But 
it was considered tliat this number was subject to some correction, due to 
its being influenced to some extent by the germination eapability of each 
culture. Accordingly, a correction was made on the basis of the germina- 
tion percentage of the same culture in the Seinesan-treated replicates. 
Thus, for instance, if in these two replicates a total of 25 seedlings emerged 
out of a possible 30, the number of healthy plants in each of the inoculated 
replicates was multiplied by 30/25, and the resulting figure used as the 
final index of resistance. This correction for germination was applied 
throughout the whole study. If the number allocated to a culture ap- 
proached 30, then the line was considered resistant; if nearer zero, the 
line was considered susceptible. A complete range extended between these 
two extremes. 

Admittedly, this scheme is by no means wholly accurate or indeed 
reliable in making fine distinctions between lines of nearly corresponding 
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resistance. The number of plants appearing* healthy is the resultaiit not 
only of genetic potentiality but also of influences such as temperature, 
moisture, germination capability, and differences in inoculation. These 
factors all tend to obscure the intrinsic powers of resistance of the various 
lines, and their easily variable nature is capable of radically inflneiieing 
the final result. 

The notes in the three last columns in the notebook were taken witli 
the intention of finding out to w^hat extent lesions on the subterranean parts 
influenced the appearance of the subaerial parts. The headings of tlie 
columns are self-explanatory. To obtain this information, every plant was 
dug up, after earlier notes had been taken, and macroscopically inspected 
to ascertain the extent of the lesions. 

EXPERIMENTAL RESULTS 

The relidbility of the method of experiment as a 7neans of ascertalnhig 
inherent resistance to Gihherella sauhinetii: Limitation of material eompels 
a compromise between expedition of the experiment and more exteiLsive 
and perhaps more aecnrate investigation. As stated in the foregoing sec- 
tion, the method adopted was to grow 15 seeds of each culture in diiplieate, 
in both the inoeulated and the check material. In figure 1 the differeuee 
between the inoculated and Seinesan-treated plots can be seen readily. It 
will be noted that in each of the two crosses illustrated by figure 1 the Fj 
exhibits some degree of resistance, while, of the parents of each cross, ouly 
one, viz, culture 43, shows a high degree of resistance. As a means of 
evaluating the degree of constancy of reaction, the correlation between tlie 
two replicates of the inoculated cultures was ascertained. The value>s 
correlated were those obtained after the correction had been made for 
germination percentage. The correlation coefficients were calculated for 
the parental lines, the crosses, and for the lines originating from five 
different crosses. They are given in table 1. 

It will be observed that the correlation coefficient in tlie case of the 
self eel lines is negative, is low for the crosses, and eonsiderably liigher 
in the ease of the Fg lines originating from the crosses 49 x 50 and 58 >; 00, 
while in the other three examples 43 x 46, 43x47, and 64x 66, tlie coeffi- 
cient is high and significant. There are several reasons for this variance. 
The Fi crosses were tested in the greenhouse at a different and earlier 
period than the F. lines, and the average temperature of the soil over this 
period was about 1° to 2° C. below the average temperature at wliicli the 
Fn lines w^ere tested. This was due to faulty placing of the thermocouples, 
which registered the temperature at a spot constantly higher than the 
greater part of the sand in the benches. The result was that the imniber 
of surviving plants in each replicate w^as reduced materially. Conse- 
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Fig. 1, A. Cheek plots from Semesan-treated seed under controlled temperatures 
in the greenhouse. Leftj culture 43; right, culture 46; center, culture 43 x culture 46. 
B. Inoculated plots, seed immersed in an emulsion of spores and mTcelimn of Gi})l)erella 
saul)ine1ii. From left to right, same cultures as in A. C. Cheek plot; left, culture 49; 
right, culture 50 ; center, culture 49 x culture 50 (compare with Fig. 4). D. Inoculated 
plot; left, culture 49; right, culture 50; center, culture 49 x culture 50. 

qiiently, the range of values obtained from the selfecl lines and crosses 
was narrowed considerably in comparison with that from the F 3 lines. 
This naturally would have the effect of reducing the magnitude of the 
correlation. In addition the number of plants in each plot (15) is already 
low enough for a reliable test, and when this number is reduced to 2, 3, 4, 
or 5 , small differences between corresponding plots have a disproportionate* 
effect upon the correlative value. Moreover, on account of the lower tern- 
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TABLE 1. — Correlation coefficients loetween the first and secoiid replicates of sclfed 
lines, Fi crosses, and Eg lines when grown from inoc^daied seed. The letters 
JR, I, S represent ‘ ^ resistant,’ ^ ^ ‘ intermediate,” and “susceptible” 



IViimber of indi- 
viduals in each 
population 

Type of cross 

< N)rrt4;0 ion 
ciu'nicieJil 

Selfed lines 

27 


-.034 ±: .130 

Ej crosses 

100 


.0()1 dt .0(57 

Eg lines from 43 x 45 

60 

KxS 

.608 ± .055 

Eg lines from 43 X 47 

90 

ExS 

.493 ± .054 

Eg lines from 49 x 50 

45 

Sxl 

.2613 ± .093 

Eg lines from 58 x 60 

70 

SxS 

.203 ± .077 

Eg lines from 64 x 66 

31 

IxS 

1 .599 ±.077 


perature, a few plots failed to show any plants at all, while perhaps 3 or 
possibly more appeared in their respective duplicates. When the corree- 
tion for germination was applied the divergence between such plots was 
further increased, for only one indicative number was affected. In the P-j 
lines the average temperature (computed by taking the mean of the tem- 
peratures at 4-hour intervals over a period of the first 20 days) was about 
15° C. The result was that the survival number in each plot was on the 
W'hole higher than in the selfed lines and crosses, and variations of a 
few plants did not affect the correlation so strongly. The correlations 
between the two replicates of the Fg lines originating from the crosses 
49 x 50 and 58 x 60 are louver because here, again, the numbers Avere re- 
duced to some extent on account of the greater susceptibility of these lines 
in general. It is to be expected also that the highest correlations would be 
obtained from lines originating from such crosses as 43 x 46 and 43 x 47, 
for here the U\o parents exhibit a wide difference in reaction, and tlie 
range of types obtained from tlieni would be greater. 

Another contributory factor toAvards reducing the correlation b(*tAviMm 
the replicates of all the cultures is the variation in temperaturt^ betwca^n 
different localized areas of the greenhouse. This was partieularly notice- 
able when the selfed lines and F^ crosses were tested, and a special effort 
was made to reduce it in subsequent trials, with some degree of success. 

These results serve to emphasize the necessity in critical investigation 
of maintaining not only a suitable but a uniformly distributed teiiiperature 
ill the greenlionse oA^er the period of trial. Increase in number of replicates, 
ill so far as this is compatible AAuth space, AAmuld also be condiicive to greater 
accuracy. It nia^^ be said, then, that A^dth such improA^eineiits, the method 
of experimentation could be considered sufficiently reliable in future 
iuA^estigation. 
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The reldMon between the reaction of parents and that of crosses be- 
tween them: In order that environmental conditions under which parental 
lines and crosses were grown might be as similar as possible, both 
parents and crosses were grown in duplicate at the same time and in the 
same greenhouse. According to the method previously described each line 
was allotted a number indicating its reaction. Thus the numbers appear- 
ing healthy in each of the two plats were corrected on the basis of the 
germination in the Semesan-treated material, and the two numbers so ob- 
tained added together to give the final index. 

Realizing that this index can be greatly influenced by small divergences 
in temperature, it was considered advisable not to classify the individual 

TABLE 2. — Heaetion of selfed parents and of Ft crosses to GWlerella sautinetii. The reacMon 
of each culture is represented hy an index mmher. These numbers range 
from 0-30 and increase with apparent resistance. Each index is 
given as the nearest whole number to that actually calculated. 


Eeaction 

of 

parents 

Beaetion 

of 

F, 

Cross 

Reaction 

of 

Parents 

Reaction 

of 

F, 

Cross 

Reaction 

of 

parents 

Reaction 

of 

F, 

5 find 6 

6 

46x47 

0 and 0 

16 

55x56 

5 and 0 

14 

5 

11 

12 

46x48 

0 

( c 

9 

7 

55x57 

5 

( 1 

6 

10 

5 ' ' 

3 

9 

46x49 

0 

{( 

2 

11 

55x58 

5 

£ C 

0 

10 

5 

9 

9 

46 X 50 

0 

t ( 

5 

1 

55x60 

5 

C C 

3 

4 

5 '' 

0 

2 

47x48 

0 

C { 

9 

9 

56x57 

0 

C £ 

6 

8 

5 

0 

14 

47x49 

0 

( ( 

2 

2 

56 X 58 

0 

£ C 

0 

5 

5 

9 

10 

47x50 

0 

( i 

5 

12 

56 X 60 

0 

f f 

3 

1 

5 

2 

10 

48x49 

9 

C£ 

2 

11 

57 X 58 

6 

f ( 

0 

1 

5 ‘ ‘ 

5 

11 

48 X 50 

9 

( ( 

5 

5 

57x60 

6 

£ C 

3 

1 

6 “ 

11 

15 

49x50 

2 

i ( 

5 

12 

58x60 

0 

£ C 

3 

2 

6 

3 

2 

51x52 

7 

( ( 

5 

7 

61x62 

0 

£ { 

6 

7 

6 

9 

13 

51x53 

7 

{ ( 

9 

21 

61x63 

0 

£ C 

2 

9 

0 ‘‘ 

0 

14 

51 X 54 

7 

C ( 

4 

11 

61 x 65 

0 

£ C 

4 

2 

6 

0 

5 

51x55 

7 

( c 

5 

10 

61x66 

0 

£ ( 

0 

12 

6 

9 

1 

51x56 

7 

1 c 

0 

12 

61x68 

0 

C C 

4 

■ O' 

6 

2 

4 

51x57 

7 

( ( 

6 

12 

62x63 

6 

C C 

2 

15 

6 

5 

9 

51 X 58 

7 

{ c 

0 

10 

62x64 

6 

e c 

6 

4 

11 ‘‘ 

3 

25 

51x 60 

7 

( c 

3 

30 

62 X 65 

6 

£ c 

4 

11 

11 

9 

7 

52x53 

5 

i i 

9 

13 

62x66 

6 

£ t 

0 

8 

11 

0 

8 

52 X 54 

5 

i i 

4 

23 

62x67 

6 

£ C 

1 

14 

11 

0 

5 

52 X 55 

5 

( c 

5 

19 

62 X 68 

6 

i i 

4 

12 

11 ‘‘ 

9 

9 

52x56 

5 

c c 

0 

12 

63x 64 

2 

£ i 

6 

20 

11 

2 

19 

52x57 

5 

( ( 

6 

16 

63x65 

2 

( { 

4 

10 

11 

5 

12 

52 X 58 

5 

{ £ 

0 

5 

63x66 

2 

C £ 

0 

4 

3 

9 

10 

52x6D 

5 

C £ 

3 

12 

63 X 68 

2 

C £ 

4 

13 

3 

0 

4 

53x54 

9 

£ C 

4 

18 

64x65 

6 

( C 

4 

16 

3 

0 

6 

53x55 

9 

£ C 

5 

13 

64x66 

6 

£ i 

0 

9 

3 '' 

9 

5 

53x56 

9 

£ C 

0 

18 

64x67 

6 

£ £ 

1 

0 

3 

2 

13 

53x57 

9 

£ £ 

6 

10 

64x68 

6 

£ ( 

4 

4 

3 '' 

5 

15 

53 x 58 

9 

£ £ 

0 

14 

65 x 66 

4 

i { 

0 

2" 

9 '' 

0 

2 

53 x 60 

9 

£ £ 

3 

15 

65 X 67 

4 

£ £ 

1 

9 

9 '' 

0 

10 

54x55 

4 

£ £ 

5 

9 

65x68 

4 

C C 

4 

2A 

9 

9 

5 

54x56 

4 

£ £ 

0 

15 

66 X 67 

0 

( ( 

1 

14 

9 

2 

5 

54x57 

4 

£ ( 

6 

15 

66x68 

0 

( £ 

4 

21 

9 

5 

8 

54x 60 

4 

££ 

3 

14 

67 X 68 

1 

£ C 

4 

8 


Cross 


41x42 

41x43 

41x44 

41x45 

41x46 

41x47 

41x48 

41 X 49 
41x50 
42x43 
42x44 
42x45 

42 x 46 
42 X 47 
42x48 

42 X 49 
42x50 
43x44 
4,3 X 45 

43 X 46 
43x47 
43x48 
43 X 49 

43 X 50 
44x45 
44x46 

44 X 47 
44x48 
44x49 
44x50 

45 X 46 
45x47 
45x48 
45x49 
45x50 
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lines as resistant or susceptible but to present the results directly. This is 

done in table 2. The corrected indices are listed as the nearest whole 
mimber to those actually computed. It will be seen that the indie es of the 
self ed parents never approach the magnitude of some of the crosses. This 
in itself indicates the quantitative rather than the qualitative eharaeter of 
the inheritance and suggests that the genetic factors involved are multiple. 
The appearance of a cross showing a high index from two parents of low 
indices further substantiates this hypothesis, and such cases may indicate 
a transgressive inheritance. 

It was of interest to calculate the correlations between reaction of the 
low-index parents and the crosses, between the high-index parents and the 
crosses, and between the average of the parents and the crosses. These 
correlation coefficients are as follows; 


Betw^een low-index parents and crosses *191 ±: .063 

Between high-index parents and crosses 114 ±: .065 

Between average index of parents and crosses 110 ±: .065 


These coefficients are too low to allow any definite conclusions being 
drawn from them, but it would seem that in this trial the low-index parent 
was somewhat more strongly correlated with the reaction of the F, cross 
than was the high-index parent. The fact that most of the parental lines 
are not remarkable for their resistance might account for this. The low 
correlation betw^een the average index of the parents and that of the crosses 
is also scant evidence that a transgressive inheritance is operative over the 
crosses as a whole. The little understood ‘'incompatibility” betw^een cer- 
tain self ed lines on crossing may possibly reduce the correlation. It is not 
suggested that there is a cause and effect relation between vigor and re- 
sistance, but it is possible that when two parents, themselves possessing 
little intrinsic resistance, unite to give a vigorous hybrid, tliis hybrid may 
be able to produce adventitioiis roots at an early date and thus “avoid” 
extinction. It is certain, however, that all cultures with well-developed 
adventitious roots showed a high index, though the converse was not always 
true, e.g., in culture 53, variety Rustler, and most crosses involving it. It 
might he possible to separate partially the effects of intrinsic resistance 
and early development of roots by using such cultures in future experi- 
ment. Cultures with strong adventitious roots sometimes exhibited lesions 
of considerable extent upon the mesocotyl and other embryonic Kstructures, 
and sometimes they did not. The subterranean parts of all plants inocu- 
lated with the fungus were examined (about 12,000 plants in all), and in 
no case was any culture found free of lesions in all its constituent plants; 
-even the most resistant culture showed only half of its plants entirely free 
from visible symptoms. While many lines seemingly succumbed easily to 
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tlie invasion of the parasite, some few appeared to offer resistance to its 
advance, in that the lesions developed on the mesocotyl were quite local, 
with definitely defined margins. (Cultures 43 x49, 44x49.) Possibly 
these local lesions would have developed more extensively, hut their appear- 
ance at the same stage of development on numerous plants of the same cul- 
ture indicates that a definite resistance was being offered to the advance of 
the parasite. 

There is no evidence in support of the statement of Dickson and Holbert 
(4) that susceptibility is dominant over resistance. Rather is it probable 
that the inheritance is quantitative, conditioned by multiple factors. The 
appearance of apparently resistant crosses in some few cases from parents 
of lower index indicates a possibility of obtaining resistant lines from sus- 
ceptible strains. 

Examinaiion of lines from selected crosses: In order to gain a 
more extensive knowledge of the inheritance involved, certain crosses which 
exhibited marked differences between their respective parents were grown 
in the field in 1928, and the selfed progeny of each cross retained. Ears 
were selfed at random on F2 plants grown in 1929. Thus, in 1929, a 
number of F3 lines were available, 60 seeds from each of which were 
grown in the winter of 1929-30. The same procedure of planting in the 
greenhouse was adopted as for the parental lines and F^ crosses and the 
same correction for germination made on the basis of the check plots. The 
crosses that were selected and the number of F3 lines available from them 
in 1929 are as follows : 


Cross 

Supposed 
nature of 
cross 

Number of 
lines 
available 

43x46 

nxs 

60 

43 X 47 

BxS 

90 

49x50 

Sxl 

45 

58x60 

SxS 

70 

64x66 

IxS 

31 


Had the reaction of the F^ cultures been known at the time of the selec- 
tion of these crosses, others would doubtless have been added or substituted. 
For instance, 43 x44 (RxS) was exceptionally resistant wlien tested in 
the Fj ; 62 X 68 (S x S) also proved resistant in the F^. This remains an 
avenue of investigation yet to be followed. 

In order that a comparable basis for estimation of relative resistance of 
parental lines, F^, crosses, and F. cultures might be available, the parental 
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lines and P^ crosses that gave rise to the P3 cultures were tested again at 
tlie same time. It lias been stated already that this experimental series was 
carried out at a temperature of about 1° to 2° higher than that obtaining 
when the parents and crosses were first tested. Table 4 gives the results 
obtained, and by comparison with similar cultures of the parents and 
crosses in table 2 the influence of the difference in temperature is well 
evidenced. For convenience the results from the two trials are contrasted 
in table 3. 


TABLE S.— Comparison between indices obtained from different cultures when grown at 
a temperature difference of C. The first trial was at about an average 

temperature of 14° C., the second at about 15° C. 


Culture 

Index 
obtained 
from 1st trial 

Index 
obtained 
from 2nd trial 

43 

11 

21 

46 

0 

2 

47 

0 

2 

49 

2 

5 

50 

5 

7 

58 

0 

0 

60 

3 

0 

64 

6 

13 

66 

0 

9 

Pi 43 X 46 

8 

27 

Pi 43 X 47 

5 

—.a 

Pi 49 X 50 

12 

29 

Pi 58 x 60 

2 

8 

Pi 64 x 66 

9 

27 


a Seed noi; availalile. 


It is obvious from the comparison that the indices of nearly all the 
cultures are increased as a direct effect of the rise in temperature. The 
increase is by no means proportionate, the crosses showing the greatest 
amount, while cultures 58 and 60 exhibit no increase whatever. It would 
seem that different cultures react differently to the same increase in tem- 
perature. Consequently, the variance between different cultures is increased 
at the higher temperature (15° C.) and this naturally is advantageous 
when the number of plants in each culture is restricted. 

Table 5 is an analysis of the data presented in table 4. The Fy lines 
are here arranged in 10 categories of descending degree of resistance as 
represented by the indices. In each category appears the number of Fg 
lines of a similar index. 
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TABLE 4. — Reactio7i of parents, crosses and F^ Imes originating from them, to 
Gibherella sauhinetii. The reaction of each, cnltnre is represented by an index 
niimber. These numibers range from 0-30, and mcrease with the ap- 
parent resistance. Each index is giveni as the nearest whole 
number to that actually calculated 


Line 

Index 

Line 

Index 

Line 

Index 

Line 

Index 

43 

21 

40 

19 

33 

29 

88 

8 

46 

2 

41 

14 

34 

23 

89 

9 

47 

2 

42 

4 

35 

23 

90 

5 

49 

5 

43 

23 

36 

26 



50 

7 

44 

10 

37 

28 

Ft 49x50 


58 

0 

45 

7 

38 

19 

1 

11 

60 

0 

46 

12 

39 

30 

2 

8 

64 

13 

47 

18 

40 

16 

3 

10 

66 

9 

48 

27 

41 

21 

4 

11 

F, 43 x46 

27 

49 

23 

42 

25 

5 

10 

F, 43 X 47 

n 

50 

15 

43 

29 

6 

16 

Fi 49x50 

29 

51 

12 

44 

18 

7 

5 

F^ 58x60 

8 

52 

15 

45 

20 

8 

16 

F, 64x66 

27 

53 

13 

46 

19 

9 

2 



54 

26 

47 

25 

ID 

13 

Ft 43x46 


55 

2 

48 

6 

11 

11 

i 

11 

56 

21 

49 

20 

12 

13 

2 

16 

57 

10 

50 

17 

13 

15 

3 

6 

58 

16 

51 

20 

14 

21 

4 

21 

59 

10 

52 

13 

15 

10 

5 

14 

60 

18 

53 

10 

15 

19 

6 

7 



54 

10 

17 

16 

7 

20 

r, 43x47 


55 

27 

18 

15 

8 

15 

1 

20 

56 

6 

19 

19 

9 

22 

2 

10 

57 

13 

20 

13 

10 

13 

3 

6 

58 

9 

21 

12 

11 

7 

4 

2 

59 

24 

22 

12 

12 

10 

5 

20 

60 

4 

23 

12 

13 

28 

6 

15 

61 

15 

24 

15 

14 

19 

7 

10 

62 

18 

25 

20 

15 

23 

8 

12 

63 

16 

26 

15 

16 

28 

9 

7 

64 

24 

27 

17 

17 

14 

10 

9 

65 

18 

28 

3 

18 

26 

11 

5 

66 

24 

29 

16 

19 

22 

12 

21 

67 

25 

30 

24 

20 

12 

13 

18 

68 

20 

31 

16 

21 

11 

14 

14 

69 

17 

32 

24 

22 

18 

15 

22 

70 

* 28 

33 

13 

23 

28 

16 

9 

71 

].3 

34 

14 

24 

23 

17 

17 

72 

17 

35 

15 

25 

39 

18 

14 

73 

9 

36 

18 

26 

14 

19 

16 

74 

16 

37 

11 

27 

21 

20 

22 

75 

12 

38 

22 

28 

13 

21 

13 

76 

20 

39 

17 

29 

21 

32 

19 

77 

15 

40 

20 

30 

13 

23 

15 

78 

18 

41 

12 

31 

17 

24 

18 

79 

10 

42 

26 

32 

17 

25 

23 

80 

17 

43 

9 

33 

16 

26 

25 

81 

16 

44 

11 

34 

17 

27 

24 

82 

26 

45 

9 

35 

23 

28 

28 

83 

7 



36 

10 

29 

18 

84 

22 

Ft 58x60 


37 

11 

30 

18 

85 

18 

1 

5 

38 

31 

31 

22 

86 

9 

2 

4 

39 

23 

33 

20 

87 

27 

3 

4 


a Seed not available. 
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TABLE 4. — (Contimted) 


Line 

Index 

Line 

Index 

Line 

Index 

Line 

Index 


29 

10 

55 

5 

9 

8 

4 

7 

30 

16 

56 

3 

10 

10 

5 

9 

31 

7 

57 

4 

11 

7 

6 

0 

32 

14 

58 

7 

12 

11 

7 

4 

33 

5 

59 

4 

13 

9 

8 

1 

34 

2 

60 

2 

14 

7 

9 

3 

35 

11 

61 

5 

15 

24 

10 

2 

36 

8 

62 

1 

16 

21 

11 

13 

37 

5 

63 

4 

17 

13 

12 

1 

38 

4 

64 

6 

18 

15 

13 

14 

39 

10 

65 

10 

19 

20 

14 

7 

40 

8 

66 

4 

20 

2 

15 

11 

41 

11 

67 

3 

21 

9 

16 

13 

42 

1 

68 

4 

22 

10 

17 

15 

43 

1 

6.9 

2 

23 

11 

18 

14 

44 

6 

70 

1 

24 

3 

19 

5 

45 

6 



25 

18 

20 

9 

46 

1 

F, 64x66 

26 

27 

21 

6 

47 

2 

1 

13 

27 

14 

22 

9 

48 

10 

2 

5 

28 

10 

23 

5 

49 

7 

3 

9 

29 

!0 

24 

13 

50 

9 

4 

21 

30 

14 

25 

4 

51 

3 

5 

4 

31 

11 

26 

8 

52 

9 

6 

0 



27 

4 

53 

1 

7 

8 



28 

7 

o4 

1 

8 

12 




Examination of this table will show that the distribution of the numbers 
in each class varies according to the type of original cross from which the 
Pg lines originated and is in accordance with what might be expected from 
a Mendelian segregation of quantitative factors. Where a wide disparity 
exists between the degree of resistance of the original parents, as in 43 x 46 
and 43 x 47, lines appear in the Pg which also exhibit very considerable 
difference. Where the disparity between the loarents is not so marked, but 
w^here they still possess an intermediate degree of resistance, as in 49 x 50 
and 64 X 66, the Pg lines also exhibit differences, but these are not quite so 
wide as in the two former cases. This may be partly, but not wholly, as- 
scribed to the fewer individnals studied in the two latter examples. In 
the fifth cross, 58 x 60, where both parents are quite susceptible to the 
disease, no very resistant Pg line appears, and indeed the modal class occurs 
at the lower end of the scale. 

The distribution of these Pg lines from each cross has been represented 
graphically in figures 2, 3, 4, 5 and 6. The solid line represents the curve 
obtained from the actual populations, w^hile the dotted line represents the. 
curve drawn when the populations are considered as 100 in each case. The 
position of the modal class will be seen to be nearer the lower end of the 
curve in all except one of the examples, viz, 43 x 47. The location of this 
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JO-;iS Zy-25 24- ZZ Z/-/9 18-/6 /S-/3 /2-/C 9-7 O'O 

C/Ci3$ Lnteri^ais of resi^fanc^ 

Pig. 2, Graphical representation of the relative distribution of resistnnee iirnong 
the Pa segregates from the original cross 43 x 46. The solid line represents the actual 
numbers (60), while the dotted line represents the j)opulation on a basis of 100. Tlie 
two black squares indicate the classes into which the parents fall, and tlie shaded square 
the class into which the Pi cross falls. 

modal class should indicate which cross combines the greatest number of 
factors tending to increase resistance. 

Where quantitative inheritance has been studied, it has been usual to 
find that parental types appear in later generations. In this study, it will 
be noticed that if the indices are interpreted literally, not only fU-(‘ the 
apparent parental types recovered, but segregates appear far in (‘xc(‘ss of 
the parents in resistance. The extent to which the parental lines would 
have varied had they been tested as extensively as the F.,, hybrids is un- 
known. Selfed lines do not exhibit the degree of resistance of the niajority 
of crosses, and the indices of the selfed lines are to be regarded as merely 
indicating their relative resistance and are not to be compared directly 
with the indices of later hybrid generations. It would seem that resistance 
to Gibherella saiibinetii is analogous to vigor in maize in that continued 
selfing isolates a range of segregates which do not approach the degree of 
resistance of the F^. 

In the first two crosses of Minnesota No. 13, viz, 43 x 46 and 43 x47, a 
comparatively high proportion of resistant lines appears in the F^ as well 
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Fig. 3. Graphical representation of the relative distribution of resistance among 
the Fg segregates from the original cross 43 x 47. The solid line represents the actual 
numbers (90) ^ while the dotted line represents the population on a basis of 100. The 
two black squares indicate the classes into which the parents fall. In this case^ seed of 
tlie Fi was not available for testing. 

as a number of quite susceptible lines. The uniformity of reaction of the 
plants composing each of these diverging lines points to tlieir approach 
towards homozygosity in respect to disease resistance. Many of the lines 
of intermediate index also appeared uniform within themselves, but quite 
a few displayed marked differences in their individual constituent plants, 
from which it was inferred that segregation was in progress within the 
line. Such appearance of resistant and susceptible strains in a generation 
as early as F 3 might possibly be interpreted as indicative that the factors 
conditioning resistance are not numerons. But, recalling the easily variable 
nature of the reaction, such a postulate should be advanced with caution. 

Observations on %}igor ami resistance: If resistance to root rot in the 
seedling stage is connected in some way with growth factors, then it might 
be supposed tha,t vigor and resistance of seedlings would be correlated in 
some degree. Peterson (9) has denied any such relationship, and it was a 
matter of common observation during the piresent investigation to find, as 
did Peterson, strains that displayed much vigor but little resistance. Hol- 
bert et al. ( 7 ) have observed that seeds selected from diseased mother plants 
produce plants deficient in early vigor, even though infection of such seeds 
could not be detected by a germination test. There was opportunity to 
correlate mathematically the vigor of all the lines in the check bench 
with their respective indices of resistance in the inoculated material. The 
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Z7-25 Z4-2Z 21-/9 /8-/6 /S-/^ /2’/0 9-7 6-4- v5-0 

tnter\^als of )-Gs/5tanc& 

Pig. 4 . Graphical representation of the relative distribution of resistance ania.ng' 
the Fj segregates from the original cross 49 x 50. The solid line represents the actual 
numbers (45), while the dotted line represents the population on a basis of 100. The 
black and shaded squares are used in the same way as in hgure 2 . 

criterion of vigor was a scale of 1 to 5, in wliicli the lower immbers repre- 
sented low vigor, the high numbers greater vigor. Each plot in the check 
material was thus appraised, and, by adding together the two figures ob- 
tained from the corresponding plots, a range of values from about 3 to 10 
was pyrocured. These values were then correlated directly with the indices 
of reaction obtained from the inoculated cultures. Correlation coefficients 
were calculated for each of the five groups of P 3 lines, and these are |')re- 
seiited below in table 6 . 

TABLE 6 . — Correlation 'between vigor of groivth of seefUings in the cheek plots and 
reactio7i to GibberelJa saiibmein in uioc'idated bench plots of F^^ cultures 


Variety and 
culture 

Reaction of 
original parents 

Average index 
of vigor 

Co rr (4} it ion 
coehicieuts 

Minn. 13 ¥, 43 x 46 

21 and 2 

6.52 

.199 ± .084 

Minn. 13 P 3 43 x 47 

21 f t 2 

6.27 

.519 ±: .052 

Minn. 13 P 3 49 x 50 

5 7 

7.89 

.155 ±: .098 

Rustler P 3 58 x 60 

0 0 

7.81 

.107 dz .080 

N.W. Dent P 3 54 x 66 | 

13 9 

7.45 

.382 It .104 
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C/ciss cnC^r\/als o/" resistance . 

Pig, 5. Graphical representation of the relative distribution of resistance among 
the P;, segregates from the original cross 58 x 60. The solid line represents the actual 
niinibers (70), while the clotted line represents the population on a basis of 100. The 
black anil shaded squares are used in the same way as in figure 2. 

It is natural that in lines possessing little resistance correlation between 
vigor and resistance would be small. This is made apparent by the above 
table and exemplified by the two groups of Fg lines from 49 x 50 and 58 x 60. 
On the other hand, these groups whose lines jiossess some degree of resis- 
tance tend to show significant correlations between vigor and resistance, e.g.y 
43 X 46, 43 X 47, and 64 x 66. The groups are selected popnlations, and it is 
in accordance with expectation that such a result is found. Indeed, when 
all five groups were combined, the coefficient of correlation was found to be 
™ .002 ±; .039, and, if the experiment were interpreted on this result, it 
would seem as if no correlation whatever existed. But to include such 
groups as 58 x 60 and 49 x 50 -would not be logical, for factors for resistance 
are almost absent in them and no opportunity for variability exists. 

While we are justified therefore in concluding that a definite correlation 
exists between vigor and resistance, the relation is by no means snffieiently 
constant to permit the practice of selection for resistance on the basis of 
seedling vigor. 

The corr elation hetween seedling reaciion in the greenlioiise to Gihherella 
sauhinetii and yield in the field: If greenlionse testing of seedlings is to be 
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^0-2S 27-25 24-2Z ZH9 /6-/3 /2-/0 9-7 6-4 J-0 

C/as3 of ?'escsta)7ce 

Pig. 6. Graphical reiDresentation of the relative distribution of resistance among 
the Pa, segregates from the original cross 64 x 66. The solid line represents the actual 
numbers (31), while the dotted line represents the population on a V)asis of 100. Tlie 
black and shaded squares are used in the same way as in figure 2. 


employed as a means of discriminating between resistant and susceptible 
lines, then it becomes of importance to know wlietlier resistant lines thus 
delimited show actual advantage over others when grown in the field. 
In short, we wish to know what advantage, if any, accrues to the hreediiig 
of corn which shows seedling resivStance. Do resistant seedlings generally 
give higher yields, and do susceptible seedlings as a rule give lower yields ? 
If this is the ease, then we could expect to find a positive correhition between 
greeiiliouse resistance and yield in the field. 

Holhert et al. (7) have found that ‘^corii populations grown from seed 
. , . susceptible to the root and stalk rots produced a much loAver yield of 
sound marketable corn . . . than corn grown from seed relatively . . . re- 
sistant to infection.’’ On the other hand, Kiesselbach (8) has reported 
that ^'selection for freedom from root-rot disease by tlie gerniinator test 
does not increase grain production under the conditions of the experiment.” 

Field data upon yield taken in 1927 and 1928 w^ere available from most 
of the crosses which had been tested for their reaction to disease in the 
greenhouse. These yields were computed from two systematically dis- 
tributed replicates, each plot consisting of 12 hills, and bordered on both 
sides by the normal variety. Each hill was originally planted with 5 seeds, 
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and later thinned to 3. Only 2 and 3 plant hills were harvested, and these 
only when bordered on all 4 sides by 2 or 3 plant hills. Due allowance was 
made for the number of hills harvested, and the corrected yield expressed 
in percentage of the normal variety. These yields were computed primarily 
for the purpose of comparing the inherent yielding capacity of the 
crosses made at University Farm in connection with maize-breeding investi- 
gations. 

It will be seen that with this method of computing yields, much of the 
influence of seedling injury upon the final yield is eliminated. For, in the 
first place, thinning to 3 seedlings is likely to cause retention of those seed- 
lings which have escaped thorough infection, and in the second place, har- 
vesting 2 and 3 plant hills would tend to eliminate the effect of those plants 
which died after thinning. 

Consequently, by correlating directly the indices expressing resistance 
with the yields of the respective crosses, an opportunity to ascertain the 
effect of fungous invasion of the mature plants upon the yield of the crosses 
was afforded. In table 7 are given these correlations, with the yields of the 
separate varieties in 1927 and 1928 and also with the average yields of the 
same varieties for the 2 years. In addition, similar correlations are given 
when all 3 varieties are considered as one. 


TABLE 7. — Correlation coe-fficienis 'between seedling reaction in the greenhouse and yield 

in the f>eld 


Variety 

1927 

1928 

Average of 1927 
and 1928 

Minn. No. 13 

.317 ±: .126 

-.086 ± .107 

.029 di .141 

Rustler 

-.099 ±: .138 

.079 ± .116 

.102 d= .139 

N.W. Bent 

Minn. No. 13 ] 

.345 dr .127 

.030 ± .147 

.169 dz .155 

Rustler 1 

N.W. Bent J 

.219 di .077 

-.024 d= .070 

.103 zt .083 


It will be seen from table 7 that the figures are contradictory. Only in 
1927 do positive correlations of any magnitude appear, and, even in these, 
the probable error is so large (as in all cases) as to remove significance 
from the results. Even negative correlations appear in three cases. The 
only statement that can he made is that no correlation that is at all sig- 
nificant emerges from the data. 

CONCLUSIONS AND SUMMARY 

1. The investigation of the inheritance of maize to root-rotting organ- 
isms is fundamental to any rational method of producing resistant varieties. 
Owing to the nature of the disease, however, such investigation meets with 
experimental difficulties, and it vras the purpose of this study not only to 
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attempt to elucidate the inheritance but to examine the methods employed 
and to appraise their dependability. 

2. It is emphasized that uniformity of environmental infliienees, par- 
ticularly temperature, is a desideratum if constancy of reaction to tlie dis- 
ease is to be sought in any culture of maize. Not only should the tioiipera- 
ture over the first 3 weeks of the experimental period be constant but equal 
distribution of temperature over the greenhouse should be assured. Espe- 
cially is this latter condition to be fulfilled if dependable estimation oi rela- 
tive resistance is desired. The most suitable soil temperature at whieh to 
conduct the work was found to be about 15° C. When such a temperature 
was maintained, the correlation between replicates was sufficiently high 
(considering the small numbers used) to warrant drawing conclusions from 
the data. 

3. Crosses of susceptible and resistant parents gave conflicting results 
in the generation. Sometimes a highly resistant hybrid resulted, and 
at other times the hybrid proved quite susceptible. Occasionally resistant 
hybrids appeared from parents possessing an intermediate degree of resis- 
tance, but ill no ease did very resistant progeny appear from parents of 
extreme susceptibility, although such crosses sometimes proved to be of 
intermediate resistance. It is impossible to state that resistance is either 
dominant or recessive to susceptibility. Eather is it more logical to assume 
that the inheritance is quantitative in nature and conditioned by nmltixile 
factors. 

4. Examination of the F 3 progeny of 5 selected crosses gave further 
evidence of a quantitative inheritance. A definite segregation of E-j lines 
occurred in conformity with a Mendelian explanation of such inheritance. 
Where the parental lines differed widely in reaction, highly resistant and 
susceptible lines appeared in the F 3 , in sufficient proportion to suggest 
tentatively that perhaps relatively few factors are involved for intrinsic 
resistance. 

5. In F 3 lines obtained from parents differing widely in resistance, a 
definite and significant correlation ivas found to exist between seedling 
vigor and resistance, though the relation is not sufficiently constant to 
warrant selection for resistance on the basis of seedling vigor. 

6 . No significant correlation was found to exist between seedling reac- 
tion in the greenhouse and yield in the field as affected by fungous invasion 
of mature plants. 


LITERATURE CITED 

1. Hicksdn, J. Gr. Influence of soil temperature and moisture on the development of 
the seedHng blight of wheat and corn caused by Gibberella saubinetii. Jour. 
Agr. Res. 23; 837-870. 1923, 



1931] 


McIndoe : CoNTEOL OP Eoot-eotting Diseases 


639 


2, . The relation of plant physiology and ehemistry to the study of 

disease resistance in plants. Jour. Anier. Soc. Agron. 17: 676-695, 1925. 

3. — — , H. Johann^ and Grace Wineland. Second progress report on the 

Fusariuin blight (seab) of wheat. Phytopath. 11; 35. 1921. 

^ and J. E. Holbert. The influence of temperature upon the metabo- 
lism, and expression of disease resistance in selfed lines of corn. Jour. Amer. 
Soc. Agron. IS: 314-322. 1926. 

5. Hopeer, G. N., a. G. Johnson, and D, Atanasoep. Corn root-rot and wheat scab. 

Jour. Agr. Ees. 14: 611-612. 1918. 

6. — — and E. H. Carr. Accumulation of aluminum and iron compounds in 

corn plants and its probable relation to root-rots. Jour. Agr. Ees. 23: 801-823. 
1923. 

7. Holbert, J. E., W. L. Burlison, H. H. Biggar, B. Koehler, G. H. Dungan, and 

M. T. Jenkins. Early vigor of maize plants and yield of grain EvS influenced 
by the corn root, stalk, and ear rot diseases. Jour. Agr. Ees. 23: 583-630. 
1923. 

8. Kiesselbach, T. a. Corn Investigations. Kehr. Agr. Exp. Sta. Ees. Bui. 20. 

1922. 

9. Peterson, P. D. Eeactions of selfed lines of corn to seedling blight caused by 

GChherella sauhinetii (Mont.) Sacc. and Fusarium moiviUforme Sheldon. Doc- 
tor's thesis on file. University of Minnesota Library. 1929. 

10. Tit, C. Physiologic specialization in Pnsarimn si>p. causing head blight of small 
grains. Phytopath. 19 : 143-154. 1929. 





BEOWN SPOT OF TOBACCO CAUSED BY ALTERNAEIA 
LONGIPES-(E. & E.), N. COMB/ 

W. B. Tisdale AND E. F. Wad KIN 

INTEODUCTION 

Tlie tobacco plant, wlietlier grown for flue-cured, sun-filler, or shade- 
wrappers, is subject to leaf spotting caused by several different parasitic 
organisms throughout the Plorida-Georgia tobacco district. Most of this 
leaf spotting, with the exception of wild fire and black fire, which are 
caused by bacterial organisms, may be attributed to different fungi. The 
most common fungi which may cause leaf spotting of tobacco of any con- 
sequence in Florida Fhyllosticta nicoiiana E. & E., Cercospora nicotiana 
E. & E., and the species of Alternaria herein considered. 

Because of the fact that leaves of bright tobacco are left on the stalks 
much longer than any other type of tobacco growm in this district before 
harvesting and therefore reach a more advanced stage of maturity, condi- 
tions for the development of brown leaf spot are more ideal. Hence, the 
brown leaf-spot disease is one that most commonly concerns the growers of 
bright tobacco. The information reported herein has been obtained from 
investigations of the disease on that crop, as the disease has been of little 
importance on cigar-wrapper tobacco. 

THE DISEASE 

In 1892 two species of Macrosporium were reported on tobacco from 
North Carolina (8). Since that year, various reports from Connecticut, 
Massachusetts, Missouri, North Carolina, Ohio, and Pennsylvania 
liave been made, but in each ease the disease and the organisms concerned 
seem to have been given very little attention. Dnring the seasons of 1923 
and 1924, Thomas reported'^ a species of Alternaria causing brown spots on 
tobacco leaves in Ohio. Isolations were made, hut, as the disease was con- 
sidered of minor importance, the cultures were discarded.^ 

1 Formerly laboratory assistant, Tobacco Experiment Station, Quincy, Fla. 

2Faut, G. W. ‘TJ. S. Dept. Agr., Bur. Plant Indus., Plant Disease Kptr. Sup. 45: 
127. 1926. (Mimeographed.) 

3 Thomas, B. C. TJ. S. Dept. Agr., Bur. Plant Indus., Plant Disease Eptr. Sup. 26: 

143. 1923. (Mimeographed.) 

4 — XT. S. Dept. Agr., Bur. Plant Indus., Plant Disease Eptr. Sup. 34 : 

234. 1924, (Mimeographed.) 

5 Op. cit. (see footnote 4). 

£» Information contained in a letter from K. C. Thomas, dated February 5, 1929. 

641 



642 


Phytopathology 


[VoL. 21 


Wlien tlie l)rown-spot disease first made its appearance in Florida is 
not known, but its occurrence did not become conspicuous until 1924, when 
flue-cured tobacco was introduced and gTown on an extensive coininereial 
scale (6). However, it is probable that the organism causing the disease 
occurred unobserved on cigar tobacco or on some other host plant prior to 
that time. Browm leaf spot usually makes its appearance each year diiring 
the latter half of Jnly, occurring first on the sand leaves and spreading 
progressively upward to the top of the plant. The sand leaves are usually 
of poor quality and many growers leave them in the field, either on the 
stalk or on the ground. This practice may prove to he a sonree of later 
infection for the leaves higher up the stalk. 

The first records of the disease in Florida were made by W. B. Tisdale, 
who observed it on flne-enred tobacco on a plantation in the southern i)art 
of Gadsden County, on July 24, 1925. Later, during the same growing 
season, the disease was observed in several widely separated areas. The 
disease now appears generally distributed over the entire Florida-Georgia 
district. 

ECONOMIC IMPORTANCE 

The total loss sustain eel each year by the growers of flue-cured tobacco 
as a result of brown spot depends largely upon the weather conditions and 
the cultural methods employed. Should premature ripening of the leaves 
occur as a result of insufficient moisture or from severe root-knot infection, 
the loss may be greater than under normal conditions. Also, improper 
cultural methods, such as late, deep plowing near the plants or delayed 
priming operations, may result in greater losses from the disease. How- 
ever, the loss from brown spot may be considered somewhat minor as com- 
pared with the more important diseases of tobacco, such as wild fire, black 
fire, and black shank, .when these occur. This is especially true under 
normal conditions when the leaves are harvested at the proper stages of 
ripeness. A crop of tobacco, severely spotted, will bring a much lower 
price than a crop that is comparatively free of spotting. The exach: eedue- 
tion in price per pound because of brown spot is not definitely know'u. If 
the infection is slight, the buyer often considers it an indication of ri))t^ 
tobacco. However, it has been observed that a reduction in price was made 
on the Quincy market during the past 2 years for tobacco severely damaged 
from a leaf spotting caused by Cercospora nicoUana E. & E. and Alternaria. 
Therefore, it would be largely guesswork to attempt to give au estimate of 
the loss due to brown spot alone, since it develops under similar conditions 
and often simnltaneously with the former organism. In 1925 Boyd" 

7 Boyd, 0. C. IT. S. Dept. Agr., Bm*. Plant Indust., Plant DisBase Bptr, Sup. 45: 
127. 1926. (Mimeographed.) 
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reported a loss of 5 per cent of flue-cured tobacco in Georgia, which he 
attributed to a species of Macrosporium. In 1926, he again reported® the 
same disease in the South Georgia district. Boyd®* also has estimated 
the losses produced by AUernaria sp. for 1927 and 1928. Tisdale^^ reported 
the disease in Gadsden County, Florida, in 1927, but stated that buyers 
failed to make a reduction in price because of the disease except in eases 
of severe infection. It is difficult, therefore, to estimate the losses each 
year due to the Alternaria organism alone. 

SYMPTOMS 

The spots appear first on the lower leaves and enlarge rapid^. They 
often coalesce, thus rendering worthless the entire leaf area. As the leaves 
mature successively upward, spotting follows, and in severe cases, lesions 
appear on the stalks. 



Pig. 1. Typical spots on White Stem Orinoco tobacco leaf produced by Alte^'naria 
longipes under held conditions. (Slightly enlarged.) 

8 , tJ. S. Dept. Agr., Bur, Plant Indus., Plant Disease Bptr. Sup, 54: 

316. 1926. (Mimeographed.) 

9 , U. S. Dept. Agr., Bur. Plant Indus., Plant Disease Bptr. Sup. 61: 

287. 1928. (Mimeographed.) 

13 XJ, g. Dept. Agr., Bur. Plant Indus., Plant Disease Bptr. 12; 115, 

1928. (Mimeographed.) 

11 Tisdale, W. B. V. S, Dept. Agr., Bur. Plant Indus., Plant Disease Bptr. 11; 138. 
1927. (Mimeographed.) 
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Tlie spots appear first as small, water-soaked areas whicli gradually 
enlarge, generally in a circular sliape, unless cliecked on one side by tlie 
midrib or a prominent lateral vein. As the centers of the spots die and 
wither, they become sunken on both surfaces. The line of demarcation 
between the diseased and healthy tissues, under humid conditions, is not 
distinct, although, during dry periods, it becomes veiy pronounced. If 
damp weather should prevail over a prolonged period, there may be a halt) 
margin or, in advance stages of the disease, varying blended shades from 
green to brown. The spots, under faworable conditions, may reach 1.5 to 
2.5 em. in diameter and may show a faint target-board eifect or concentric 
rings (Fig. 1). 

Lesions on the petiole are elongated and depressed and develop more 
slowly than those on the leaf blade. The lesions oil the stalk may be numer- 
ous, somewhat sunken, and may finally girdle the plant. However, inva- 
sion never extends deeper than the cambium, and usually not that deep. 
Stem lesions usually do not produce coiiidiophores and conidia until tlie 
plant begins to decline. 

Host Range 

The information gained with reference to the host range of this particu- 
lar fungus has been mostly from observations made in the fields at various 
times during the growing seasons of 1927 and 1928. Tobacco only has been 
observed to be affected with this organism. Several species of Alternaria 
have been isolated from various plants but, in each instance, the organism 
isolated proved nonpathogenie to tobacco. 

Inoculation experiments under favorable temperature and humidity 
conditions with white potatoes, tomatoes, and peppers growing in pots and 
flats gave negative results. 

SiiscepWbility of Different Varieties of Tobacco 

In a test plot, where 24 varieties of bright tobacco were grown, progress 
of the disease was observed at intervals throughout the growing sea- 
son. None of the leaves w^ere harvested from the plot and the first leaves 
to become infected were left on the stalks. As the season progressed, in- 
fection developed higher up the stalks. It was observed that the sand 
leaves were the first to show the disease and by the time the seed pods were 
ready to be harvested nearly the entire leaf area of all varieties had become 
involved, with no indication of varietal resistance. The stalks also had 
numerons lesions throughout the entire length. 

During the growing season of 1928, a small plot of ground near the lab- 
oratory was planted to the 10 following varieties of bright tobacco : Adcock, 
Big Stem Orinoco, Bonanza, Cash, Crutcher, Improved Warne,' Improved 
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White Stem Orinoco, McAdoo, Narrow Leaf Orinoco, and Yellow Pryor. 
On July 9tk a few of the lowest leaves of each variety were affected with 
brown spot, and by July 30th the entire leaf area had become involved and 
stem lesions w^ere numerous. By the 20th of August most of the leaves had 
turned brown and had been shed. These observations indicate that none 
of the varieties of bright tobacco tested are resistant to the brown-spot dis- 
ease under field conditions. 

Inoculation Experiments 

Numerous tobacco plants in all stages of development have been inocu- 
lated and kept under greenhouse conditions. Vigorous tobacco seedlings 
with 4 to 6 leaves, growing in flats and pots, have been atomized with water 
suspensions of spores on various occasions, but in every instance little or 
no infection developed. Because of this fact, it seems probable, therefore, 
that seedlings are not very susceptible to the disease, while in the plant 
beds, as long as noi^mal rapid growth is maintained. However, if the plants 
are stunted, they become infected quite readily at any stage of growth. 
For nearly all inoculation work, plants from 12 to 20 inches high in flats 
or pots were used. 

In all inoculation experiments, the plants were placed under moist cham- 
bers immediately after they were inoculated. The moist chambers were 
then covered with heavy wrapping paper or burlap bags to keep out the 
sunlight and to keep down the extremely high temperatures which develop 
under glass during the midday hours. Water was sprinkled on the plants 
through a nozzle from a water hose once every 24 hours for 3 or 4 days to 
maintain a high humidity, after which time the moist chambera were re- 
moved, The incubation period under these conditions varied from 5 to 8 
days. If no infection was observed within this period, the plants were 
either discarded or no further observations were made. 

Early in the spring of 1928 a series of inoculations was begun to deter- 
mine whether there existed any degree of immunity among some of the 
varieties of bright tobacco grown in this district. Thirty plants of each of 
the following varieties were used for this inoculation work: Adcock, Big 
Stem Orinoco, Bonanza, Cash, Criitcjier, Improved Warne, Improved Wliite 
Stem Orinoco, McAdoo, Narrow Leaf Orinoco, White Stem Orinoco, and 
Yellow Pryor. When the plants reached 14 to 16 inches in height, 9 plants 
of each of the 3 groups of a variety were inoculated with a water suspen- 
sion of spores from cultures 20 to 30 days old., One plant of each group 
was kept as a cheek by placing a sheet of paper between it and the 9 other 
plants that W'ere inoculated. After 3 days, the moist chambers were re- 
moved and placed over 3 groups of plants of another variety that had just 
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been inoculated \Yitli a water suspension of spores. The inoculations of this 
series, therefore, followed each other at intervals of 3 days. The conditions 
were, however, essentially the same, except for the time element. 

In summarizing the results obtained by inoculating the 11 varii-ties of 
tobacco, it was observed that there were some differences in the anioimt of 
infection produced. For the want of better terms, the following adjectives 
are used to describe the degree of infection: “severe,” “medium,” and 
“slight.” 



Fig. 2, Warns tobacco plant artificially inoculated with spore suspension of 

Alternaria Xongiiyes. 


Infection was considered severe when all leaves except those near the 
bnd were involved (Fig. 2) ^ medium when the foliage halfway up the stalk 
was slightly spotted; and slight when only the 3 or 4 lower leaves were 
spotted. 

Of a total of 27 Cash plants inoculated 23 developed severe infection. 
The other varieties which showed severe infection were Big Stem Orinoco, 
Improved Warne, Yellow Pryor/White Stem Orinoco, and Narrow Leaf 
.Orinoco. The varieties which showed medium infection were Bonanza, 
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Improved White Stem Orinoco, Adcock, and McAdoo. Crutcher was the 
only variety on which slight infection was obtained. There were some in- 
dividual differences as between groups of plants of each variety, but the 
results shown. represent the average for the variety. To judge from the 
results of this series of inoculations, there does not appear to be enough 
resistance in any one variety tested to enable a grower to escape all losses 
from brown spot. Figure 3 well represents the effect of Alternaria on the 
entire collection of plants inoculated. 



Fig. 3. Tob.aeco plants inoculated with Alternaria longipes. From left to right: Check 
plant (Connecticut Round Tip), Big Cuba, Big Stem Orinoco, 

Yellow Pryor, and Warne. 


THE FUNGUS 
Overwintering 

One of tlie chief ways that this species of Alternaria appears to overwin- 
ter is on the old stalks left standing in the fields. Early in the spring of 
1928 isolations were made from portions of old stalks known to have been 
heavily infected the previous growing season. Three different species of 
Alternaria were obtained from this .material but only one of them proved 
pathogenic to tobacco. In August, 1928, 24 stalks bearing brown-spot 
lesions were brought from the field and stood upright in a trench near the 
laboratory building. On the same date several other infected stalks from 
the same source were cut into sections 10 to 12 inches long, wrapped in thick 
paper, and carried throngh the winter under the following conditions : 

Lot No. 1 buried 6 inches deep in the soil. 

a “ 4 ^ ^ { c it ( ( 

i t c c ^ c t 2 (c a cc 

" '‘4 placed on the surface of the ground. 

“ 5 suspended 2 feet in the air from a wire fence. 
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Isolations were attempted from time to time during tlie winter of 
1928-29 from the stalks , on the surface of the ground, the ones standing 
upright and the ones suspended aboveground. In almost every attempt,, a 
species of Alternaria was obtained that was very similar in growth charac- 
ters to the one found during the growing season. 

The stalk material buried underground gave negative results when iso- 
lations were attempted. All of this material was in a partial state of decay 
■when first examined a month after being placed in the soil. By the 11th 
of Februai-y, 1929, all the stalks were in an advanced state of decay and 
were discarded. 

Spores could be seen on the lesions throughout the winter on the old 
stems carried over the winter in the open. This was especially true during 
warm, cloudj^ periods accompanied by rain. The temperature at such 
times was high enough to cause the old mycelium in the tissues of the old 
stalks to send out new conidiophores and produce conidia. Some of the 
spores produced under these conditions were irregular in size and shape. 
The younger spores were of the type found on the leaf lesions during the 
summer months, while the older ones were irregular in shape and deeply 
constricted at the septa. This was also observed by Elliott (2) in his 
studies on the genus Alternaria. These longevity studies show that suf- 
ficient viable spores are present at planting time to produce primary infec- 
tion. Temperature studies of the organism in culture, as given elsewhere, 
show that vegetative growth and spore production occur at low tempera- 
tures. 

Proof of Pathogenicity 

Isolations were made from spotted leaves by W. B. Tisdale in the sum- 
mer of 1925- During February and March of 1926, artificial inoculations 
with water suspensions of spores were made on plants in the greenhouse 
under moist chambers. In one flat, the lower leaves had been stunted and 
were somewhat yellow^ at the time of inoculation. After 5 to 7 days, numer- 
ous small brown spots were evident and the fungus was reisolated from, tlie 
diseased areas. No further inoculations were made until December, 1926. 
During that month 3 Connecticut Round Tip tobacco plants, 2 feet high, 
were atomized with a water suspension of spores and placed under a moist 
chamber for 5 days. Although several leaves were punctured in one or 
more places with a sterile needle before they were atomized, no infection 
developed. 

In February, 2 fiats containing Connecticut Round Tip plants were in- 
oculated with a water suspension of spores and placed under moist cham- 
bers for 3 days. At this time a number of small, incipient, water-soaked 
areas were observed. After 8 days numerous brown lesions had developed 
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on the leaves, some of vliieh had coalesced. An Alternaria was isolated 
from these lesions, similar in every respect to the original organism. Dar- 
ing February, 1927, the temperature was somewhat higher than in Decem- 
ber, 1926, when the first inoculation was made. This may account for the 
negative results of the previous inoculation. Numerous other inoculations 
were made during the summer months and infection always developed when 
the plants were in a humid atmosphere. Bands (5) reported that good 
infection of early blight of potatoes occurred during days of high humidity 
and high temperature. 

Effect of Temperature on the Degree of Infection 

In order to determine more accurately the effect of temperature on in- 
fection, tobacco plants were inoculated at different seasons of the year and 
records of the temperature and humidity were kept during the incubation 
period. In the winter of 1927-28, a series of inoculations was begun and 
continued until midsummer of 1928. For this work only plants of the Cash 
variety were used. The relative humidity under the moist chambers in 
these experiments was approximately 90 per cent during the 3 or 4 days 
following each inoculation. This humidity was high enough to keep the 
foliage and glass of the moist chambers moist. The inoculations made in 
midwinter when the temperature was relatively low gave almost negative 
results, while the ones made later, when night temperatures were higher, 
resulted in more severe infection. The degree of infection apparently de- 
pended on the temperature for the 3- to 5-day period following the time of 
inoculation, thus indicating that temperature is an important factor in in- 
fection. When the average temperature was 19® C. and below, no infection 
was produced. As the average temperature gradually climbed to about 
20.5° C., slight infection was produced on the older leaves. Medium infec- 
tion was secured with mean temperatures of 23 to 25® C. and severe infec- 
tion was obtained when the mean temperature was from 26.5 to 31.0° 0. 

There is a close relation, it appears, between the temperature at which 
infection developed and the mean temperatures for the months of January 
to August, 1928, inclusive. The mean temperature for the months of the 
first half of the year are as follows: January, 10° C.; February, 14° C. j 
March,, 17° C.; April, 17° C.; May, 22° C.j June, 26° C.; July, 27 ^ C., 
August, 27° C. By comparing the temperatures at which medium or severe 
infection was produced experimentally, with the mean temperatures for 
June, July, and August, one would expect abundant field infection during 
these months. Observations extending over a period of several years have 
shown that these are the months during which the disease occurs and devel- 
ops in the fields. Therefore, the severity of the disease appears to be inti- 
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iiiately associated mtli tlie degree of maturity of the plant and relativelj^ 
high humidity and temperature. 

Method of Infection 

A water suspension of spores was applied to marked portions of leaves 
with a loop needle and these inoculated areas w^ere killed, elarifiedj and 
examined to determine the relation of parasite to host. After 12 to 18 
hours’ incubation at room temperature, these portions of the leaves were 
cut out and placed in Gilson’s solution for 18 to 20 hours, then washed 
thoroughly in running water and placed in a weak solution of alcohol. This 
material wms run through the alcohols and xylol and, after remaining in 
pure xylol for 3 to 4 days, the leaf tissues became transparent enough to 
permit light staining wuth eosinedactophenol. This process permitted a 
view of the germinating spores and the germ tubes penetrating the epi- 
dermal cells. It was found that 1 to 4 germ tubes had been produced and 
these were entering the leaf through the stomata. A few germ tubes were 
observed entering the leaf through the basal cells of epidermal hairs and 
directly through the epidermis. 

Morphology 

Mycelmm. The mycelium permeates the leaf tissue in all directions 
from the point of infection, passing between and through the cells. The 
hyphae vary in diameter on different substrata, ranging from 1 g in the 
plant tissixe to 4.5 p in culture media. The older hyphae are much larger 
in diameter than the younger ones and have more septations. The cell 
walls are thicker in the older growth. In the leaf tissne the hyphae soon 
come near the surface and either break throngh the epidermis or emerge 
throngb the stomata. At this stage, the cells of the host tissue collapse, 
resulting in sunken brown lesions. In this condition wdien accompanied 
by high humidity, numerous conidiopliores, 3 to 10, develop at one point, 
and produce conidia. In cultures 10 to 15 days old tlie entire growth b(‘- 
eomes dark broxvn or olivaceous, producing an abundance of conidia. 

Comdia. The young conidia are of the same color as that of the im- 
bedded hyphae. They are ovate and slightly constricted at the Ksepta. The 
cell walls become thicker and constrictions at the septa become more pro- 
nounced as the spores grow older. Conidia on the host may be much larger 
than those grown on culture media. From leaf spots they measure 11-13 x 
30-86 p, averaging 12 x50p. The number of cross septations varies from 
3 to 5, with a good percentage of spores having 1 to 2 longitudinal septa- 
tions (Fig. 4, A). Spores from 20-day-old cultures, on potato-dextrose 
agar, measured from 6.5-13 x 25-52.6 p, the average being about 9,6 x 
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Fig. 4. A. Oamera-lucila drawings of conidia of AUernaria longipes from host 
plant: a. As they appear under field conditions; b. Germinating. B. Camera-Iucida 
drawings of conidia of A. longipes produced on potato-dextrose agar^ showing different 
types and chains. 

29.3 |i. The number of septations in most spores from culture media is 
about the same as that found on the host plant, although a few spores have 
only 2 or 3 cells. 

Taxonomy 

Ellis and Everhart (3) reported a ^Svhite speck^’ of tobacco from North 
Carolina in 1892 caused by Macrospormm iabacinum^ ii. sp. The descrip- 
tion of this disease and causal organism as given by them is as follows: 

Spots amphigenons, nuixierous, thin, white (rusty red or brown at first), 
suborbiciilar or irregular, 2-3 mm. in diameter, definitely limited, with a 
narrow darker border. Fertile hyphae effused, 3 5--45 x 3-4 p, septate and 
tornlose above. Conidia obovate, 15--25 x 10-12 p sessile, or longer (35- 
45 p) narrowed below into a distinct stipe, 8-12 p long. The shorter conidia 
are mostly 3-septate and the longer ones about 5-septate, one or two of the 
cells with a longitudinal septum. This is the ‘'white speck'' of the North 
Carolina planters. 

In this same reference, Ellis and Everhart described Macrospormm 
longipes, n. sp. from North Carolina as causing "brown spot" of tobacco. 
The description of this species is as follows: 
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Spots ampliigenoiis, orbicular, rusty brown, 3-5 mm. in diameter; 
orbicular, zonate. Tlie entire leaf becomes brown and then the spots are 
a shade lighter than the surrounding parts. Fertile hyphae effused on the 
spots, amphigenous, but more abundant above, slender (40-70 x 3-4 p), 
septate and often constricted at the septa; erect, more or less torulose 
above. Conidia clavate, 40-50 x 15-20 p, 3-7, mostly 5-6 septate, with two 
or more of the cells divided by a longitudinal septum, attenuated below into 
a distinct stipe 35-50 p long, and often septate and torulose. This differs 
from M. commune Rabh., in its effused hyphae and smooth conidia, and 
from 31. iahacinum EIL and Ev., in its brown, concentrically zoned spots 
and larger stipitate conidia. Known among the planters as ''brown 
spot.'’ 

No mention is made in literature of any inoculation experiments with 
either of these organisms and, as a result, their pathogenicity has been ques- 
tioned (4). These two reports appeared many years ago and no recent 
reports of work with Alternaria or Maerosporium on tobacco have been 
found. 

The description of the species of Alternaria found on tobacco in the 
Florida district is as follows: 

Spots amphigenous, orbicular or slightly irregular, older ones 1.5 to 2.5 
cm. in diameter, dark brown center, bordered, by a band of lighter color. 
A narrow dark brown band or ring separates this lighter colored band from 
the green healthy tissue. Center of spots never turns white. Faint con- 
centric rings are apparent in some spots (Fig. 1). Many spots are never 
larger than 3 to 10 mm. in diameter. When spots are nnmerons, coales- 
cence takes place and a large portion of the leaf becomes brown. Fertile 
hyphae effused on the spots, somewhat erect, more abundant above, 35-74 x 
3-4 [j. Conidia elavate to ovate, often with short beaks with 1-3 septations, 
3-7 septate, one or two cells longitudinally septate, slightly constricted at 
the septa, 30-50x10-13 p (Fig. 4, A). 

In culture on potato dextrose agar the margin of growth is regular or 
slightly dentate : young mycelium white, turning olive green to black with 
age; aerial hyphae abundant, 5-7 mm. high, fluffy or tufted, bearing 
numerous eonidiophores with catenulated spores (Fig. 4, B). Spores 3-5 
septate, a few 1-2 longitudinally septate, 24-25 x 7-13 p, slightly con- 
stricted at the septa, becoming more pronounced with age. In 3()~iiay-old 
cultures, the color is dark olivaceous or almost black. 

There is no exact way of determining at present the exact relation that 
may exist between the two species of Maerosporium reported by Ellis and 
Everhart (3) and the species of Alternaria found on tobacco in Florida, 
^ome of the species of Maerosporium have been shown to produce catenu- 
lated spores, which, therefore, necessitated placing them in the Alternaria 
group. The only method of comparing either of Ellis and Everhart's 
organisms with the one considered in this paper is by considering spore 
measurements and the characteristics of the disease produced by each. In 
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comparing tlie spore measurements, one is likely to arrive at the wrong 
conclusion, since it has been shown by Elliott (2) that the dimensions and 
other morphological characters of spores of Alternaria in exsiccaii may 
vary considerably. Then, again, the measurements of spores of the tobacco 
Alternaria found in Florida produced some smaller spores on culture media 
(potato-dextrose agar) than those found on the host plant. In considering 
the characters of the disease, it appears still more confusing, for some of 
the characters produced by each organism very closely resemble each other, 
while, on the other hand, there is one outstanding difference. The white 
spots produced by Macrosporium iabacinum E. & E. are not found with 
either M. longipes B. & E. or Alternaria sp. on Florida-grown tobacco. 

In table 1, the spore and spot characters are summarized. It will be 
observed that spore measurements of the Alternaria herein described more 
closely resemble those of Slacrosporium longipes E. & E. According to 
Ellis and Everhart (3), the principal differences between M. longipes and 
M, ialacinum are in the size of the spores and the color of the spots. 

It appears from table 1 that the differences between the organism under 
consideration and Macrosporium longipes E. & E. are not sufficiently great 
to warrant a new species. However, because the spores are produced in 
chains, the new combination Alternaria longipes (Ell. & Ev.) is suggested. 


TABLE 1. — S'Lmnmri/ of the primai'y char act eristics of spores of and the diseases caused ly 
Macrospormm long ip es, M. tahacinum, and Alternaria longipes 



Spore 

measurements 

Spore characters 


Organism 

Cross 

Sept. 

Longi. 

Sept. 

Spore 

shape 

Spot charaeters 

M. tahaci- 

num 

15-25x10-12^1 

3-5 

1-2 

Ohovate 

stipitate 

Amphigenons, red or hrown 
later turning white. 

M. longi- 
pes 

40-50 X 15-20 p 

3-7 

1-2 

Clavate 

stipitate 

Amphigenons, brown, 
zonate. 

Alternaria 

longipes 

30-50 X 10-13 |,i 

0 7 

1-2 

Clavate to 

ovate 

Amphigenons, brown, 
zonate. 


Physiology: 

CttUural Characteristics 

During the progress of this work Alternaria longipes has been grown on 
several kinds of agar culture media and on cooked stems of tobacco, sweet 
clover, potato, tomato, and bean pods for comparison and to determine 
whether a perfect stage would develop. In the course of study the follow- 
ing observations were made : 
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Potaio-dextrose agar. Single germinating spores when transferred to 
Petri plates of this medium at room temperature produced a light olivace- 
ous growth, measuring on an average 23 mm. in diameter by the third day. 
After 10 days, the increase in diameter averaged 6.25 mm. per day. Nearly 
all single-spore cultures in Petri dishes show a distinct zonation or eoncen- 
trie bands of light and dark color. After a few days dark sectors develop 
(Pig. 5) and, later, the entire colony becomes dark olivaceous. Aerial 
hyphae are abundant, somewhat in tufts or mats upon which spores are 
produced in abundance in cultures 5 to 7 days old. 



Pig. 5. Growth of Alternaria longipes on potato-dextrose agar at 22“ after S days. 

Oat agar. Growth on oat agar produced scant aerial hyphae, margins 
regular, thin and -.fight colored, and spores relatively abumlaiit at Ihe end 
of 5 days. Single-spore plate cultures increased in diameter at tlin rate of 
9.5 mm. per day. 

Plain potato agar. The rate of growth was about the .same as that on 
potato-dextrose agar hut a much longer time was required for sporulation. 

Tohacco-dextrose agar. This medium was prepared as follows: 200 gm. 
of tender tobacco stems were added to 500 ee. of distilled water and eooLd 
in a double boiler for 45 minutes. To this decoction 17 gm. of ba eto-agar 
and 20 gm. of bacto-dextrose were added and the entire volume was brougiit 
up to 1 liter, cooked, and autoclaved. The color of aerial hyphae produced 
on this medium was almost black. Daily increase in diameter of growth 

was 4 mm. Spores were very dark in color and abundant at the end of 7 

da^'s. 
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Sweei-clover agar. This medium was made up by using 200 gm. of 
sweet clover stems, 17 gm. of baeto-agar, and 20 gm. of bacto-destrose to 1 
liter of distilled water. The rate of growth and other eliaracters produced 
on this medium were about the same as those observed on potato agar, ex- 
cept for lighter colored aerial hyphae. 

Sierilked sweei-clover stems. (In Roux tubes with water and absor- 
bent cotton on the bottom.) Growth was rapid, covering the stems in 5 to 
7 days, with light olive-green growth, later turning much darker. Spores 
w^ere relatively abundant at the end of 10 days. The fungus had grown 
to the bottom of tubes after 90 days and was producing spores on the cotton. 

Sterilized lean pods. (Prepared in Roux tubes.) The growth of 
mycelium w^as vigorous, almost white at first, later turning olivaceous, and 
producing abundant spores at the end of 10 days. 

Sterilized potato stems. (Prepared in Roux tubes.) Growth was 
somewhat slow, whitish at first, but, later, turning to an olive green. Spores 
were produced in abundance in 10 to 12 days. 

Throughout all the cultural work conducted in the laboratory no evi- 
dences of a perfect stage were observed on any culture media used. The 
same type of spore was produced on all culture media, except that those 
produced on oat agar were slightly smaller, averaging 10.8x25.2 jj. 

Effect of Temperature on the Development of the Fungus in Culture 

In preliminary tests it was found that single-spore cultures made the 
greatest growth in diameter at pH 5.0 to 6.5, at a temperature of 24 to 27° 
C. Using this as a basis, all cultures were adjusted to pH 6.5 by the addi- 
tion of N/1 hydrochloric acid. Only potato-dextrose agar was used for this 
particular work. The spores were germinated in dilution plates of potato 
agar kept at 23 to 24° C. and those which showed as near the same stage of 
germination as could be obtained were used to inoculate sterile Petri plates. 
All cultures for temperature studies were run for 8 consecutive days. The 
eiiltures from 25 to 35° C. were kept in a Freas oven with the temperature 
varying not over 1 or 2°. Cultures kept at 29-31, 32-33, and 3*4-35° C. 
were placed in a moist chamber to prevent rapid desiccation of the culture 
media. Cultures exposed at from 10 to 25° C. were kept in various places 
in a refrigerator. Under this condition, fluctuations in temperature were 
greater than with cultures placed in the Freas oven at higher temperatures. 

Table 2 slio^vs that the fungus grows in culture media over a fairly wide 
range of temperature. The optimum temperature for growth, based upon 
rate of increase in diameter of colony, lies between 25 and 29° C. The de- 
crease in rate of growth is very rapid from 29 to 35° C. where no growth 
occurred. After germinated spores had been kept at 35° C. for 24 hours 
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they failed to make any growth in 3 days when transferred to another in- 
dicator kept at 25° C. Mature spores in dilntion plates containing potato- 
dextrose agar germinated within 5 hours at 35° C., but when the germ tubes 
attained a length about equal to the diameter of the spore no additional 
growth occurred. From the optimal temperature down to 10 degrees, tlie 
decline in growth was more gradual. Because of the lack of facilities, the 
minimal temperature could not be determined but, judging from the growth 
made at 9-11°, it is apparently not much below 9° C. Spores of the usual 
size and shape were produced in abundance near the optimal temperature. 
Sporulation also occurred in cultures kept at higher temperatures, but the 
spores AY ere smaller and more irregular in shape. Spore formation Avas re- 
tarded toward the loAver end of the temperature range. 


TABLE 2 . — Diameter of single spore cultures-.pf Alternaria longipes on potato-dextrose 
agar exposed for 8 days at temperatures indimied 


Temperature °C, 

No. jolates 

Average diameter 
of growth ill iimr. 

9-11 - 

20 

8.3 

11-13 

22 

13.5 

12-14 

24 

18.7 

14-16 

24 

25.3 

17-19 

25 

33.6 

18-21 

2[) 

41.2 

21-23 

24 

49.2 

25-26 

35 

53.2 

26-28 

30 

^ ^ 58.0 

29-31 

35 

25.0 

32-33 

45 

9,8 

34-35 

45 

0.0 


The range of temperature for spore germination is almost identical witli 
that for vegetative growth and sporulation. About 53.2 per cent of tlie 
spores germinated at the end of 36 hours at 9-11° C. Only 1 or 2 germ 
tubes developed at this temperature and 24 to 28 hours were required for 
them to attain a length equal to the diameter of the spore. At 11-14° C., 
the time foi’ germination "was 20—22 hours with 59.6 per cent germination. 
Prom 16-20° C., the time for germination w^as reduced to 14 to 16 liours 



1931] Tisdale and Wadkins: Brown Spot op Tobacco 657 

with 73.4 per cent germination. At temperatures ranging from 21-25° C., 
78.3 per cent germination was secured within 10 hours. The most favor- 
able temperature for germination was between 26-29° C., where 93.4 per 
cent of the spores germinated within 8 hours. From 30-35° C., the time 
for germination was reduced to 5 hours with practically all the cells of the 
spores sending out germ tubes. The percentage of germination at these 
higher temperatures was not appreciably different from the figures obtained 
at 26-29° C. 

Effect of Hydrogen-ion Concentration of Culture Media 
iipon the Bate of Growth of Alternaria longipes 

Potato-dextrose agar was used in the experiments to determine the 
effects of hydrogen-ion concentration upon the rate of growth of Alternaria 

TABLE 3 . — Growth of single-spore cultures of Alternaria longipes in S days at 1S6° C. on 
2 )otato-dextrose agar of pK concentration indicated 


pH value of 
culture media 

Growth in 
diameter — ^inm. 

Growth characteristics 

1.50 

No growth 


2.00 

Yery little 
growth 

White^ -warty growth. No spores produced. 

2.50 

3.2 

Whitej warty growth. No aerial mycelium produced. 
Becomes sooty white with age. No spores. 

3.00 

7.5 

Sooty white, very little aerial mycelium. 

Spores few and irregular in shape. 

3.50 

13.6 

Growth of grayish color, aerial mycelium abundant. 
Spores more abundant than at pH. 3.00. 

4.00 

20.1 

Growth almost black in color, aerial mycelium abundant. 
Spores abundant. Margins regular. 

4.50 

45.0 

do 

5.00 

50.4 

do 

5.50 

58.5 

do 

6.00 

55.2 

do 

6.50 

43.7 

do 

7.00 

48.5 

Color typically olivaceous. Margins more or less ir- 
regular. Aerial hyphae relatively abundant. 

7.50 

54.0 

do 

8.00 

45.8 

Growth much lighter in color. Margins almost regular. 
Spores abundant, regular in shape and color. 

8.50 

42.3 

do 

0.00 

31.6 

do 
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loTigipes. The cultures were run in quadruplicate at each pH reaction and 
the experiment was repeated. The measurements shown in table 3 are the 
average for the two series. Two liters of potato-dextrose agar containing 
2,2 per cent bacto-agar were prepared for each series. The mediuni was 
divided into the several lots to be adjusted to various pH values, langing 
from pH 1.5 to pH 9.0 by the addition of N/1 hydrochloric acid and N/1 
sodium hydroxide. Determinations were made by the use of a quiiihydrone 
potentiometer. Petri plates were inoculated in the same manner as that 
described in temperature studies on culture media. The plates were then 
exposed to a constant temperature of 26° C. for 8 days. At the end of this 
period, measurements and observations were made and are summarized 
in table 3. 

Prom these results it will be observed that, so far as diameter of growth 
is concerned, the most favorable reactions were obtained wuth pH values 
betV'een 4.50 and 8.00. 


CONTROL MEASURES 

In discussing control measures for brown spot of tobacco, it will be well 
to keep in mind that work done towards prevention is far more important 
than trying to check the disease in a field after the plants once show signs 
of infection. Since spraying or dusting the plants would add considerable 
expense in both labor and materials to a crop that is more or less uncertain 
in its returns and since spray or dust materials are objectionable on tlie 
cured leaf, it seems more advisable to resort to sanitary measures and im- 
provement of cultural methods. "When harvesting is complete, the stalks 
should be cut with a stalk cutter and turned under to bring about complete 
decay as qnickty as possible. If these operations are inconvenient just after 
harvesting the top leaves, the stalks may be cut and turned under later in 
the season. 

Crop rotation might be used advantageously in combating tlie disease, 
because it will not only reduce to a minimum the chances for prinuiry 
infection of brown spot but will also reduce the chances for infection by 
other parasites. Since brown spot has been observed to be serious on plants 
affected with root knot, it is advisable to adopt a rotation system whieh will 
reduce root-knot infection to a minimum. Cultural methods should be so 
‘ regulated as to keep the plants in a vigorous state of growth until they are 
mature; then, the leaves should be primed as they become ripe or mature. 
|Most of the natural infection has been observed to oeciir on overripe leaves 
jor on leaves that have been prematurely ripened heeanse of root knot or 
i insufficient water supply. 
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SUMMARY 

1. A leaf-spot disBase of brig'ht or flue-cured tobacco, commonly known 
as brown spot, lias been prevalent for several years in the Florida-Georgia 
tobacco district. 

2. A similar, if not the same, disease was reported by Ellis and Everhart 
in 1892 from North Carolina. 

3. In comparing reports of losses caused by various tobacco diseases in 
this district, it will be noted that, while the brown-spot disease is not of 
major importance, yet, during certain seasons when ideal conditions prevail 
for the activity of the fungus, considerable reduction in both price and yield 
is sustained by the growers. 

4. The disease appears first on the lower leaves as small spots which 
rapidly enlarge and become browm. If the spots are numerous, coalescence 
takes place and the entire leaf may turn brown. Under very favorable con- 
ditions the disease spreads rapidly to the upper leaves and causes a com- 
plete loss of the crop. 

5. So far as has been observed in fields and also from inoculation experi- 
ments, tobacco is the only plant susceptible to infection. 

6. There appears to be very little difference in the susceptibility of the 
different varieties of bright tobacco tested. 

7. The organism hibernates on the stalks left standing in the fields or 
lying on the surface of the ground. 

8. Proof of the pathogenicity of the organism has been fully established 
by numerous inoculation experiments. 

9. The mode of infection is by direct penetration of the epidermal cells 
and through the stomata, wounding being unnecessary for infection. 

10. The organism herein reported produces catenulate spores, com- 
parable in size to those of Macrosioormm longi'pes E. & E., and the char- 
acter of the spots is almost identical. Because of catenulate spore forma- 
tion, however, the name Alternada lon^ipes (E. & E.), new combination, 
is proposed. 

11. The minimal temperature for infection is about 20 to 22° C. 
Medium infection was produced whe|L the average temperature was from 
23 to 25° C. Severe infection was produced when the average temperature 
was 26.5° C. and above. The maximal temperature for infection was not 
determined. 

12. The optimal temperature for the development of the fungus on cul- 
ture media was between 25 and 28° C. The maximal temperature is near 
31^35° 0. The minimal temperature for the development of the fungus in 
culture was not determined. 
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t 3. Tlie optimal temperatures for most severe infection and for growth 
e fungus in culture are approximately the same. 

14. Maximal amount of growth on potato-dextrose agar was secured at 
pH 5.0. There was a slight decrease in growth with. pH values 6.0 and 6.5 
but an increase again with pH 7.0 and 7.5. 

15. The stalks should be cut and turned under immediately after tlie 
crop is harvested to minimize the source of inoculum the following year. 
Good fertilization, together wdth crop rotation and frequent cultivation, is 
advisable. The leaves should be primed when they reach the proper stage 
of maturity. 

Department of Plant Pathology, 

Florida Agricultural Experiment Station, 

Gainesville, Florida. 
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FUKTHER STUDIES ON REACTION OE COEN TO SMUT AND 
EFFECT OF SMUT ON YIELDS 

F, R. Immer and J. J. Christensen 
INTRODUCTION 

Breeding for disease resistance seems to be the only promising method 
for controlling corn smut, TJsiilago zeae (Beekm.) Ung. The chlamydo- 
spores are produced in enormous numbers and can live in the soil for sev- 
eral years ; therefore, inoculum will always be present in abundance in the 
corn-growing area. Part of the life cycle of the organism can be spent as a 
saprophyte in the soil and part as a parasite on corn plants. Adequate 
control by cultural practices is, therefore, practically impossible. 

It has been shown that inbred lines of corn, quite resistant to smut, can 
be produced rather easily. The rapidity with which these selfed lines be- 
come homozygous for reaction to smut suggests that a relatively small num- 
ber of genetic factors are involved in determining smut reaction. Breeding 
for resistance to smut by selection in self -fertilized lines seems to be the 
most promising method for controlling the disease. 

REVIEW OF LITERATURE 

Extensive tests have demonstrated that inbred lines of corn which differ 
max*kedly in resistance to smut (3, 5, 7, 8, 9) can be produced. The re- 
action of these inbred lines to smut infection has been found to be quite 
constant from year to year. Inbred lines can be produced with every de- 
gree of resistance or susceptibility, when grown in an epiphytotic of the 
disease. Kyle (13) has shown that a tight husk covering favors resistance 
to ear infection. 

Several controlled experiments have been conducted to determine the 
damage caused by smut galls on parts of corn plants other than the ears. 
Analyses wnre made on the basis of barrenness induced by the fungus and 
reduction in yield of shelled corn caused by smut galls on the plants. Gar- 
ber and Hoover (4) found that smut infections increased the percentage of 
barren plants, but there was no significant decrease in yield due to smut 
infection apart from the greater percentage of barren stalks. Immer and 
Christensen (10) and Jorgenson (12), working in Minnesota and Ohio, 
respectively, used essentially the same methods and found that smut galls 
on the plants of inbred lines reduced yields very materially. Jorgenson 
found essentially the same condition in crosses. 

1 Contrihution from the Division of Agronomy and Plant Genetics and the Division 
of Plant Pathology and Botany, University of Minnesota, St. Paul, Minnesota. 

Published with the consent of Director as Journal Series Paper no. 979. 
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It has been demonstrated in a number of instances that smnt collections 
from different localities differed in their ability to cause infeetions when 
the plants were inoculated with a hypodermic syringe or wlien iiioeuluiii 
was dropped in the apical heads of young corn plants (1, 2 , 6 , 17). Smut 
collections made in different States or in different parts of the same State 
or locality have sometimes been found more virulent than local smut collec- 
tions under these conditions. No extensive tests have been reported pre- 
viously giving the reaction of corn strains to local and nonlocal collections 
under natural field conditions. In view of the demonstration of heterothai- 
lism and frequent mutation in TJstilago zeae^ the constancy of reaction of 
strains of corn to natural infection by local and nonlocal collections of the 
organism the same year or in successive years is of extreme importance. 
Mutations have been shown to occur in monosporidial lines of the smut 
organism in surprisingly large numbers (1, 15, 16). These mutants can 
then hybridize and new combinations of characters can be produced (16), 
since 17. zeae is heterothallie (14) . 

Jones (11) found resistance to smut infection to be dominant in the 
generation of crosses between selfed lines that differed in smut reaction, 
Hayes et al. (7) found crosses between resistant strains slightly more 
resistant than either parent, while F^ crosses between resistant and sus- 
ceptible strains were intermediate in reaction. Immer and Christensen (9) 
corroborated the conclusion reached in the earlier Minnesota studies that 
dominance of resistance or susceptibility was lacking in F^ crosses between 
inbred lines differing in smnt reaction. In later studies, Immer ( 8 ) again 
reported F^ crosses to be intermediate in reaction, although several cases 
of apparent dominance of susceptibility were found. A slight tendency 
to approach the more susceptible parent was found in back-crosses and in 
P 3 populations. 

The purpose of the present paper is to present furtlier data on the 
determination of losses due to smut in corn, to compare the reaction of 
inbred lines to natural infection in epiphytotics from local and iionloeal 
smut collections, and to determine further the mode of inlieritanee of 
resistance or susceptibility to smut in crosses between inbred lines. 

MATERIALS AND METHODS 

The selfed lines and crosses of corn used in all parts of this study, 
except those dealing with losses due to smut infections, were grown in two 
systematically distributed plots of 30 to 40 plants each. A smnt epiphytotic 
was induced in these plots and notes were taken on size and location of 
smut infections at two or three times during the growing season, as de- 
scribed previously ( 8 , 9). 
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The study of losses due to smut infections in selfed lines was conducted 
as described previously (Id), i.e., the yield of oven-dry, shelled corn from 
two plants growing one foot apart was compared, one plant hearing a 
single smut gall and the other plant of the pair being smut-free. These 
data were collected in selfed lines, inbred for five or more generations. 
Notes were taken on location of galls on the plants as well as size of galls. 

The study of smut-induced losses in crosses of corn was made in the 
regular yield trials of these crosses. Two plants were selected from a hill 
of three, one plant being infected with a single gall and the other being 
free from smut galls. Notes were taken and the results analyzed in the 
manner described for selfed lines. 

In 1928 and 1929 all strains of corn tested in the ^^smut plots’^ were 
grown in two replicated single-row plots in each of two widely separated 
fields. In field E a smut epiphytotic was created, using smut collected at 
University Farm, St. Paul, Minnesota, only. Part of the field had been 
used as the corn smut plot for each of 2 years prior to 1929 and the other 
part had been so used for the 8 years preceding 1929. Conditions in this 
plot were, therefore, very favorable for smut infection. In another field, 
X-28, separated from field E by a distance of more than 1 mile and by 
certain natural barriers to the spread of smut spores from one field to the 
other, the same strains were grown -in an artificially induced epiphytotic 
of smut collected from numerous sources in the northern Mississippi Valley 
as well as at University Farm. Many of the forms of smut present in field 
E probably were present in X-28, as well. The purpose of this phase of 
the study was to compare the reaction of selfed lines and crosses of corn to 
natural infection by local collections of the smut organisms with their 
reaction to a combination of both local and wide smut collections. 

experimental results 

Losses dite io smtit: The losses induced by smut galls located on the 
corn stalks is of interest to plant pathologists and plant breeders, alike. 
The results of the experiments to determine the losses due to single smut 
galls of different sizes and on different parts of the plants, apart from the 
ears, covering a period of 3 years in the case of selfed lines and 2 years for 
Pi crosses, are given in table 1. 

Losses due to smut galls appear to be directly correlated with the size 
of the galls. The data on damage due to large and small galls both above 
and below the ears indicate that single large galls (4 in. or more in diame- 
ter) reduce the yield of shelled corn on the infected plants approximately 
four times as much as small galls (less than 2 in. in diameter). 

There seems little difference in damage induced by smut galls at the 
base or first shoot as compared with the losses from smut at higher shoots 



collected 1927 -^d and crosses 1928-29 


664 


Phytopathology 


[VoL. 21 


'«:iHe0?De0Oc0 OO'^OO 00 C 5 OOOrHO 
eoiXi oOOjOOOtHOOOOiO 

00 oooaool— I ooovno 

rH OO OO OOO O 


AA AA AAA A 


tDCDLnb-rHirOQOCOlOiH'^POOir-ICTJCOiniTH 
CSICCItHCDCsI OCOi— ICOIOCM rOlLOfOrHCO 


eOOOOCOCOCSrHb'Olt-t-LQlQt-NOOCOCO 
iHrH CNirOT^CMtHNrHinCvlLCi^OfO 


Oi05C:^CPXlTf^OCJa(MOOOCOOOOHO 

OjOO'^OCO'^OOS OoOCS OOO o 

^r-1 O 005 OOOrHOoO O 

iH O OtH OOOrHOOO O 

tH tH ^ rH iH iH tH rH rH 

A A AAA AAA A 


VOrHClt'-OOQOa5lt5'^»tt)r-lCQln)05lOrHTHt'- 

lOcqrHU^rHrHOS^lHhOtMrHtMOSTH 


’H^^>-U'Olf:)rHfOr^^r~'H^l^^eOOrH^OOOt>ln 

^H'^rQC^^OOC^J(^:^C^^Cq^>.-H^OO^X)OOrQ•H^CO^H 




3 If = Large galls; i.e.^ 4 in. in one or more diameters. 

AI = Medium galls; i.e.j larger than small ^ and smaller than ^ ^ large galls. 

S= Small galls; i.e,^ less than 2 in. in any diameter. 

All = All galls at a given location. 
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or ear buds on the plants of selfed lines. Jorgenson (12) found this same 
condition in Ohio. The data from crosses were too meager to draw any 
conclusions on this point. 

Large or medium smut galls above the ears of selfed lines did greater 
damage than galls of similar size below the ears. Large galls on the necks 
of plants from inbred lines reduced yields by 99 per cent. Such large galls 
resulted in barren stalks in almost every instance. In crosses infections 
above the ears also did slightly greater damage than infections below the 
ears. The difference was not so great, however, as in selfed lines. Jorgenson 
(12) also found that galls above the ear in F^ crosses caused greater losses 
than galls below the ears. 

There seems to have been little difference in the reduction in yield in 
selfed lines and F^ crosses due to smut galls below the ears. Large and 
medium galls above the ears were more destructive in selfed lines than in 
Fj crosses. Damage is dependent, to a large extent, on the size of the galls. 
For this reason comparisons of losses due to smut galls on different parts 
of the plant must be made on the basis of galls of definite size. For ex- 
ample, in the data given in table 1, 30 per cent of the galls below the ear 
in Fj crosses are seen to be large galls, while only 17 per cent of the galls 
above the ear were large. Obviously, the average infection of all galls at 
these two locations does not give a critical comparison of the losses because 
a greater percentage of large galls were involved in the first instance and 
large galls result in greater losses than do small ones. Therefore, analyses 
of damage caused by smut must be made on the basis of both size and 
location of infections. 

An indication had been found previously (8) that very susceptible 
selfed lines tended to have a greater number of smut galls than resistant 
strains. A study was made of the inbred lines grown from 1924 to 1929, 
this time dealing with the size of galls on resistant and susceptible strains. 
Only plants with a single smut gall were considered in this study. In the 
selfed lines with less than 15 per cent of the plants smutted, 11 per cent 
of the infected plants had large galls, 43 per cent medium, and 46 per cent 
small galls. In the selfed lines with more than 50 per cent of the plants 
smutted, 25 per cent of the galls on the infected plants were large, 49 per 
cent medium, and 26 per cent small. It is evident, therefore, that sus- 
ceptible strains of corn not only tend to have more smut galls per plant 
hut these galls tend to be larger on infected plants in susceptible than in 
resistant strains. 

Considering that the losses due to smut are directly associated with size 
of gall, the notes on percentage of plants infected by smut is a very con- 
servative measure of the relative resistance of different strains. The differ- 
ence in damage due to smut in resistant as compared with susceptible 
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strains is considerably greater than would be indicated by the note on 
percentage of plants infected. 

Prom the data given in table 1 it is possible to develop a more accurate 
technique than has been heretofore available for estimating the losses 
caused by smut in making disease surveys. Losses from ear smut can be 
readily determined by estimating the percentage of ears destroyed. To 
this mnst be added the damage due to smut galls on other parts of tlie 
plants. On the basis of the data available this can be done by estimating 
the losses in shelled corn traceable to large galls on the infected plants at 
50 per cent, by medium galls at 25 per cent, and small galls at 10 per cent, 
The actual lasses (Table 1), are but slightly greater. If it is not convenient 
to classify the galls on the basis of size in making the disease survey it 
seems safe to estimate the losses, due to all galls on the stalks of infected 
plants, at 30 per cent. Estimates in which size of gall is considered will, 
however, he more accurate. 

REACTION OP SELFED LINES TO LOCAL AND NONLOCAL COLLECTIONS OF SMUT 

Since com smut causes great losses in yield of grain it is not only of 
great interest to determine the constancy of reaction of resistant selfed 
lines to smut but to determine if such selfed lines will react in the saine 
manner to local and nonlocal collections of the smut organism. In table 2 
is given the smut reaction of 15 selfed lines to local smut collection over 
a period of 6 years. Each of these strains has been inbred for at least 8 


TABLE 2. — Smut re actio?!, of selfed lines grown m a smut epvphytotio for 5 or 6 years 


1929 

Culture No. 

Yariety 

Years 

selfed 

Percentage of smut 

1924 

1925 

1926 

1927 

1928 

1929 

Ave. 

S-1 

Rustler 

10 

84 

100 

89 

100 

76 


90 ± 4 

-4 

Mimi. No. 13 

10 

74 

97 

52 

46 

13 

33 

53 :± 4 

-6 

Longfellow 

8 

52 

77 

69 

79 

63 


68 ±: 5 

-7 


10 

27 

27 

17 
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9 
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0 
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8 

2 

20 

16 

16 

7 

0 
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0 

3 

0 

0 
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1, dz 2 
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N. W. Bent 

8 

4 

9 

5 

9 

1 

4 
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g’eiierations. The uniformity of reaction to local smut collections under 
field conditions is demonstrated clearly. 

Selfed lines, differing greatly in resistance to smut, can be obtained in 
any of the varieties of corn used in breeding work at University Farm. 
These selfed lines usually breed true for a particular manner of reaction 
to smut, particularly after they have been selfed for a number of genera- 
tions and approach homozygosity. 

In 1928, 358 and in 1929, 281 selfed lines of corn were grown in two 
systematically replicated plots in each of two fields at University Farm. 
In field E, an artificial epiphytotic was created, using smut collected at 
University Farm, only. In field X— 28 an artificial epiphytotic was created 
in which numerous smut collections from the northern Mississippi Valley,^ 
including collections from field B, were used. Many of the smut forms 
present in field B probably were present in field X~28. The two fields were 
separated by a distance of more than 1 mile and by certain natural barriers. 

A comparison was made of the reactions of these selfed lines to local 
collections of smut and to the local and nonlocal smut collections by means 
of correlation studies. If the correlation between the reaction in the two 
replicates on a single field is of essentially the same magnitude as the corre- 
lation between single replicates of the two different fields, it seems safe to 
conclude that the selfed lines reacted in essentially the same manner to the 
different smut collections. If, however, the correlation between smut re- 
aetion in the two fields was much less than between replicates on the same 
field, either the different physiologic forms of smut encountered affected the 
reaction of the selfed lines in a differential manner or cultural conditions 
in the two fields may have been sufficiently different to cause the seemingly 
diff'erential response. The results of the study are given in table 3. 


TABLE 3 . — Correlation l^etween smut reaction of selfed lines grown in two replicates in 
two different fields; field E teing inoculated with smut from University Farm 
and field X-S8 ivith sm.ut collected from many sources in the northern 
Mississifipi Valley, including University Farm 



^ The writers wish to express their thanks to G. Anderson, E. Bulger, W. Butler, G. 
Curran, G. Mayouse, L. Person, A. Thiel, H. Thoruherxy, J. Wallace, and others for their 
kindness in supplying collections of the smut. 
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111 1928 the soil was very dry at planting time. Field E was planted 
first and the corn germinated fairly well. Field X 28 Avas planted 2 days 
later. As a consequence of this delay and the fact that field X~28 was not 
in so good a state of tilth at planting time, most of the seed in X-28 did 
not germinate until rain came, almost 2 weeks later. The delay in germi- 
nation of the seed in field X-28 may account for the lower correlation 
betireen individual series of the two fields as compared Avith the cona^latJon 
betA^^een series of the same field. It is known that the reaction of com to 
smut is affected by the stage of development of the corn plants. Tlie 
possibility of different physiologic forms of smut affecting the reaction of 
these corn strains and causing part or all of this difference is not, hoAvever, 
overlooked. 

In 1929 soil conditions at planting time were more favorable. Both 
fields Avere planted within a period of 2 days and developed in a very CDim 
parable manner. The results obtained in 1929 appear to be more truly 
representative of the similarity or difference in response of these corn 
strains to nonlocal collections of smnt. The fact that the correlation 
betAveen individual replicates of the two different fields is essentially the 
same as the correlation betAveen the tAvo replicates on the same field indi- 
cates clearly that these selfed lines of corn reacted in tlie same inanner to 
the tAA^'o smut collections in 1929. In examining the correlation tables, 
showing the relationship between reaction in fields E and X-28 for botli 

1928 and 1929, it AA^as noted that the reactions of a few lines, to the different 
smnt collections, were somcAvhat at Anxriance Avitli those of the bulk of tlie 
selfed lines, as indicated by their rather wide departure from the regression 
line. The regression line showed the general trend between reaction of 
these strains in the two fields in each of the 2 years. In the case of each, 
strain departing Avidely from the general trend between the two fields and 
grown both years, it Avas found that this A\dde departure from tlie regression 
line held for only 1 year, indicating that such departures fj‘om the a\o‘rage 
reaction Avere clue to ehanee fluctuation and were not inherited from A'car 
to year. This furnishes additional evidence that the corn strains grown in 

1929 reacted in essentially the same manner to smut collections made at 
University Farm and to collections of smut from a Avider source Avhen 
tested for reaction to natural infection in the field and subjec 5 t to an 
epipliytotic of the disease. 

It should, hoAvever, be emphasized that these conclusions are based on 
the general reaction of a large number of selfed lines to the two different 
smut collections. As only 30 to 40 plants were grown per replicate it was 
not possible to determine whether some few lines did react in a differential 
manner. The evidence available from this study indicated that, if there 
Avas a differential response by a few selfed lines to the two different smut 
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collGCtions, this diffcrGiitial TGaction was not very great. It should be 
remembered, however, that these conclusions are based on 2 years’ results 
and that further tests are in progress. If similar results are obtained 'from 
other studies, it will greatly facilitate the production of smut-resistant corn. 

REACTION OP CROSSES 

Since the immediate solution of the corn-breeding problems probably 
will be the production and distribution of desirable hybrids between selfed 
lines, tlie reaction ot crosses, as compared with that of the parental 
inbred lines, is of considerable importance. Eighteen such crosses between 
inbred lines of knowm reaction to smut were made in 1928. These crosses 
were grown in 1929 and their reaction compared with that of the parent 
ciiitures. S cited lines with an average of 0 to 15 per cent of smutted 
plants w^ere designated as low-smut lines, those with 15 to 50 per cent of 
smutted plants w-ere called medium-smut lines and lines with more than 50 
per cent of smutted plants w'ere designated high-smut lines. The results are 
given in table 4. 

In the 8 crosses betw^een inbred lines differing in smut reaction, i.e., 
crosses of higli x hnv or medium x low’ smut lines, 4 crosses w^ere more 
resistant and 4 more susceptible than the average of the parents. This 
difference, how’ever, wms not appreciable, considering the magnitnde of the 
probable errors. In the 10 crosses hetw’een low-smut lines, 9 w’ere 
slightly more susceptible and 1 slightly more resistant than the average 
of the parent inbred lines. The greater susceptibility of the as com- 
pared with the average of the parents in low x low^-smut crosses may be 
due to different genetic factors determining smnt resistance in the different 
parents or to tlie fact that the more vigorous plants in the F^ crosses may 
be slightl}^ more susceptible than the smaller plants in the inbred lines. 
Tills latter possibility w’^as tested by calculating the correlation between 
smut reaction and height of plants in 300 F,, lines from a composite cross 
of 8 inbred lines. A significant correlation w^as not found. 

(himbining this group of F^ crosses with those reported previously from 
Minnesota, 34 crosses between inbred lines of knowm smut reaction have 
been tested. The general conclusion to be drawm is that the tends to he 
intermediate in reaction. 

COMl^OSITE CROSS OP EIGHT SELFED LINES 

In 1925, a composite cross was made of 8 supposedly low-smut lines. 
One of these proved to be medium in reaction in subsequent tests hut the 
other 7 have remained quite resistant. The recombination was made by 
pollinating each line in turn with a mixture of poUen from the other 7. 
The reaction of the F^ has been reported previously (8). A number of F^ 
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a No test of one parent line in 1927. Should have fallen in this class on basis of past perforiiiance. 
^ No test of two parent lines in 1929. Should have fallen in these two classes on basis of x>ast per- 
formance. 



672 


Phytopathology 


[VoL. 21 


ears were selfed and 34 Po lines were grown. A large iiiiMber of Fo plants 
were tlien selected at random and selfed in order to provide a larger 
random P^ popnlatioii. The most desirable P- lines, as judged from notes 
on plant and ear characters as well as smut resistance, were carried into 
P 4 by selfing. The P 4 lines, were, therefore, selected material. The smut 
reaction of the P^, Po? Fo, and selected P^ lines was determined in a smut 
epiphytotie in relation to the reaction of the parent cultures. The results 
are given in table 5. 

The Pj recombination lines reacted essentially as would be expected on 
the basis of previous studies with crosses, i.e., like the average of the 
parents. The F 2 lines were somewhat more susceptible, iu general, than 
the Fi- In 19 of the 34 lines less than 30 per cent of the plants %vere 
smutted, and in the other 15 lines more than 30 per cent were infected, 
while only 1 of the 8 parent lines had more than 30 per cent smutted 
plants. 

The reaction of the 299 P.^ lines, growm from selfed seed of a large 
number of Fo plants selected at random, is of greatest interest. KSeventy- 
four per cent of the F 3 lines had less than 20 per cent, 87 per cent had less 
than 30 per cent smutted plants, and 95 per cent less than 40 per cent. It 
seems, therefore, that these lines reacted very nearly the same as 
the average of the parents. One parent w^as known to be a medium-smut 
line. The probable error of the reaction of a ‘'30 per cent smut'^ line 'was 
about 10 per cent. Chance fluctuation could, therefore, aecoiint for the 
reaction of some of the apparently susceptible P 3 lines. In the main the 
same genetic factors seem to have controlled resistance to smut iu those 
8 parent selfed lines. The most susceptible P 3 lines were discarded in 1928 
and only the more resistant lines continued in 1929. Only 3, or 2 per cent, 
of the P 4 lines had more smut than any of the parent inbred lines. The 
smut epiphytotie of 1929 ivas somewhat more severe than that of 1928 but 
the effect of the eliniiiiatioii of the most susceptible F^ lines is clearly in- 
dicated. Apparently, lines can be produced very easily from reeombiua- 
tions of loW'-smut strains which are as smut resistant as the parent cultures. 

SUMMARY 

1. A study was made to determine the losses caused by smut infection 
in P^ crosses and in selfed lines of corn inbred five or more generations. 

2 . Size and location of smut galls on the plant were important. The 
larger the galls on the stalks, the greater was the reduction in yield of 
shelled corn. Large or medium-size smut galls on the stalk above the ears 
did greater damage than galls of similar size below the ears. 

3. Susceptible lines of corn tend to have a greater number of smut galls 
per plant and larger galls than resistant lines. 
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4. From the available data it was estimated that the reduetion in yield 
ill shelled corn resulting from large, medium, and small galls on stalks was 
50 per cent, 25 per cent, and 10 per cent, respectively. 

5. Selfed lines that differ greatly in resistance to smut can be obtained 
in all varieties of corn used in breeding work at University Farm. 

6. Fifteen lines of corn inbred for at least 8 years reacted in a very 
similar manner for each of 6 different years when grown in an epiphytotic 
of smut at the University Farm. 

7. In 1928 and 1929 the extent of infection of numerous lines grown 
in the field in which smut collections from University Farm only were used 
was correlated with the infection obtained in a different field where smut 
collections were from a wider source. The calculated correlation coefficients 
were .47 ± .03 and .75 ±: .02, respectively. 

8. The smut infection of 34 F^ crosses was compared with that of the 
parents. Crosses between tw^o resistant lines %vere fairly resistant, although 
they were more severely infected than the parents. 

9. A composite cross w^as made of seven low-smut lines and of one 
luedium-smut line. From a study of 299 Fg lines selected at random 87 
per cent w^ere no more susceptible than the most susceptible parent. The 
results indicate that composite crosses will undoubtedly yield smut-re- 
sistant lines in a large percentage of cases. 

University Farm, 

St. Paul, Minn. 
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THE RELATION BETWEEN INSECT AND VIRUS AS SHOWN IN 
POTATO LEAF ROLL, AND A CLASSIFICATION OP 
VIROSES BASED ON THIS RELATION 

D . L . E L z E 

Soon after Oortwijn Botjes, Schultz, et al. had realized the iuiportance 
of aphids in spreading potato leaf roll and mosaic, they began to investi- 
gate the part played by other insects in the spread of these diseases. These 
investigations, however, led to no positive results (16, p, 55 ; 19, p. 329 ; 21, 
p. 50). 

In 1922 Murphy (13) believed that he had succeeded in proving that 
leaf hoppers, capsid bugs, and probably the potato flea beetle are able to 
transmit leaf roll and from field observations deduced that these insects 
play an even more important part than aphids, the latter being less 
numerous. His research method, however, was such that the results can- 
not be considered as altogether trustworthy. He used for each of the above- 
mentioned species only one experimental plant and, during their develop- 
ment, the plants were not inspected for the posibility of other infections. 
With later experiments he and others obtained widely different results. 
Moreover, Elze (5) proved by experiment and field observation that the 
significance of aphids, especially of Myzus persicae Sulz., should not be 
sought so much in their large increase on the potato during the summer as 
ill the abundance of the first alate generations which in early summer pass 
from other plants on to the potato. These winged generations are, however, 
rarely so numerous as to be conspicuous with field observations. 

In 1927 Smith (25) published his first investigations on the significance 
of various sucking insects in the spreading of mosaic. He made use of 
some species of aphids, white fly, leaf hoppers, and capsid bugs, and found 
that in the given order the transmitting power decreased. He tried to 
explain this from the regularity wdth which these insects tap the phloem 
with their stylets. On this subject he published a separate article in 1926 
(24). Ill this paper he starts with the supposition that all these insects 
transmit the virus purely mechanically but does not mention the grounds 
on which this supposition is based. Observations on virus diseases of 
various other plants do not lend support to this theory. 

In later researches on the spreading of leaf roll and mosaic by the prin- 
cipal insects mentioned above and also by the potato flea beetle Smith (26, 
27) succeeded in getting positive results only with Myzus persicae^ His 
conclusion that other potato-virus workers apparently succeed more easily 
ill transmitting these diseases with various insects would not appear ex- 
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actly correct. In tlieir experiments witli various insects Sclmltz aiul 
Folsom (18, 19, 20, 21, 22) have been able to transmit tliese diseases ex- 
clusively by aphids, in which ease they have, in general, worked witli a 
large number of plants and insects. In their last paper (8) they mention 
the probability that also other insects may play an important part, but this 
is not based on exact experiments. That Elze (5) succeeded in. transmitting 
virus diseases by nearly all insects he used, both sucking and others, should 
also be ascribed in large part to the fact that he infected, in general, a 
greater number of plants than did Smith. Moreover, he kept the plants 
growing for a longer period owing to the eircnmstances under which the 
experiments were performed, so that the chance of the virus reaching the 
tubers grew considerably. In several cases also Elze reinfected the plants 
with virns-bearing insects in the course of the same experiment. To this 
ensemble of factors may be ascribed his success in transmitting leaf roll 
and mosaic by means of leaf hoppers, capsid bugs, flea beetles, and cater- 
pillars of Wlanusira hrassicae L. On account of these experiments and his 
field observations, however, he concludes that all these insects are of liardly 
any significance for the spreading of virus diseases under normal cireum- 
stanees. Among the aphids, Myzus persicae is by far the most important. 
Of the other aphids, Aphis rhamni'B, de Ponsc. (al)l)reviaia Patch, see Elze 
5, p. 32) and M. pseudosolani Theob. transmitted various diseases; with 
A. fabae Scop, only mosaic was transmitted in a few eases. 

The particular significance of Myzus persicae is explained by Elze from 
the fact that a definite biological relation between the virus (in this case 
of leaf roll) and M. persicae seems to exist. This is apparent from: 

1. The existence of an incubation of the virus in the insect. 

2. The retention of the infecting power of the insect after the molt, 

3. The preservation of this power after the aphids have lived for about 
a TTeek on plants not susceptible to leaf roll (spiiiacli). 

4. The great certainty with which a small number of individuals can 
transmit the disease. 

These observations were confirmed in 1929 by Smith (26), as was the 
fact that the virus is not transmitted from the mother insect to tlie larva. 

Lastb^, Murphy and McKay (14) published in 1929 the resxxlts of their 
researches, carried on since 1922, on the dissemination of leaf roll by 
various insects, more especially by aphids. They fully confirm the fact al- 
ready stated by other investigators that, besides Myzus persicae^ other in- 
sects are of little significance. This fact was doubted by them in former 
publications. Yet it is remarkable that also with Macrosiplium solanifolii 
Ashm. and Myzus pseudosolam so few results were obtained. Especially 
on Macrosiphum solanifolii this is not in accordance with the facts recorded 
by Schultz and Folsom (19, 20), tliougli Smith (26, 27) also got no positive 
results from his few experiments. 
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In order to study the differences of disease-disseininating' power of 
various insects in a more exact way, the following experiment was carried 
out hy the writer in 1928. The method described earlier (5, p. 38) was 
used. In each of 4 separate but adjoining greenhouses, 22 healthy tubers 
were planted together with 1 tuber from a leaf-roll plant. The 22 healthy 
tubers in each greenhouse consisted of 8 tubers of the variety Paul Kruger 
(President), 7 of Eersteling (Duke of York), and 7 of Roode Star (Red 
Star). All tubers were planted in separate pots,- otherwise, there was no 
partition between the plants in any one house. In this way repeated infec- 
tion of the healthy plants by insects from the diseased plant was possible. 
A path divided each greenhouse into 2 parts. The diseased tuber in each 
case was cut in half, the halves were planted in separate pots, and the pots 
were placed one on each side of the path. The healthy plants of the 3 
varieties were placed around the diseased one in a regular manner, so that 
the chance of infection might be equal for each variety. Conditions were 
essentially the same in each of the 4 greenhouses. For the spreading of 
the disease in the first house, Myzus persicae, in the second. Aphis rliamnij 
in the third, A. fabae, and in the fourth, the flea beetle, PsylUodes affinis 
Payk., were used. The strain of M. persicae had for some years been raised 
in the greenhouses on healthy potatoes and on spinach, and that of A. 
rhainni on healthy potatoes and on Rhanimis caihartica L. The potatoes 
on which these strains had been raised during 1928 were still healthy in 
1929. Aphis fabae was gathered in the field from broadbeans and occasion- 
ally from healthy potato plants standing among the beans. In the neigh- 
borhood no diseased potatoes were to be found. Notwithstanding these 
precautions, there was perhaps some danger of the transmission of diseases 
by A, /ahae from the field into the houses. This method, however, was 
adopted because in the environment of Wageningen there is no extensive 
spread of A. fabae to potatoes and multiplication on this host is usually 
slow. It was expected that by choosing insects which already had passed 
on to potato and had multiplied there sufficiently, this difficulty would be 
presented in less degree. The flea beetle, PsylUodes affinis, had to be gath- 
ered on potato exclusively; this was done on a part of the experimental 
plots where only healthy potatoes were growing. 

As some diseased (leaf roll) tubers of the Green Mountain, Irish Cob- 
bler, and Rural varieties from America were available, these varieties were 
used ill the experiment. This was done in order to determine whether net 
necrosis, observed in America as a symptom of primary leaf roll, can be 
produced in Dutch varieties when leaf roll from America serves as a source 
of infection. For comparison with the leaf roll of American source a 
diseased tuber of the Dutch variety Bevelander was used. The experi- 
ment was arranged so that in the house ^\l\eYe My zus persicae was the 
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vector, the Green Mountain variety was used as a source of disease ; in the 
house where A'pliis rJiamnvwas the vector the Bevelander was used; in. the 
house with A. fahae the Rural was used; and in the house with PsylUodes 
affinis the Irish Cobbler was used. 

The results of this experiment as to the appearance of net necrosis are 
published elsewhere (6). Such a combination of the solution of two prob- 
lems in one experiment was considered admissible because, from a com- 
parison of the American and the European literature on leaf roll, it 
probably is safe to conclude that leaf roll is identical on both continents, a 
fact confirmed by these results. 

The results as to the spreading of leaf roll are presented in table 1. 


TABLE 1. — Bate of spread of potato leaf roll in the presence of various insects 


House 

1 Insect 

Source of 
infection 

Infested with leaf roll 

Total 

Pres. 

D. 0. York 

Red Star 

1 

1 Mys'iis persicae 

Glr. Mountain 

8 

1 

7 

7 

22 

2 

Aphis rlianini 

Bevelander 

4 

4 

5 

13 

3 

A. falae 

Rural 

3 

1 

2 

6 

4 

PsylUodes aff nis 

Irish Cobbler 

3 

2 

3 

8 


Before entering into a more detailed discussion of these results the 
following comments slioiild be made: The next year’s crop of the plants 
from the first house all showed, besides leaf roll, a disease of the mosaic 
type; apparently the Green Mountain tubers used had, besides leaf roll, 
a mosaic disease. Likewise, several plants from the houses with Rural and 
Irish Cobbler, respectively, showed the next year, besides leaf roll, thin 
weakened stalks that were strongly suggestive of spindling sprouts. Before 
the planting, however, the sprouts were quite normal. Though the plants 
concerned were those on which insects, caught in the field, had been put, 
it is very improbable that the cause of this malady should have been trans- 
mitted by these insects, as such a disease was only sporadically present in 
the experimental field plots from which they were taken. The disea.se 
factor must have been transmitted thus from the leaf-roll plants of the 
Rural and Irish Cobbler varieties. As it did not appear in either of the 
two other greenhouses it cannot be a symptom of leaf roll, as Schultz and 
Folsom (20) originally thought spindling sprout to be. One rather gets 
the impression of a separate virus disease, as had been surmised before by 
Elze (5, p. 45) . 



1931] 


Elze: Potato Leap Eoll 


679 


The tubers of the Duke of York variety were of the same origin as 
those with which Quanjer and. Oortwiin Botjes (17) produced top necrosis 
by grafting on the variety President, Though with these experiments both 
varieties were used side by side and there was nothing to interfere with 
the passage of the insects from a Duke of York plant to a President, the 
next year's croio of President showed in no case top necrosis. An explana- 
tion of this is difficult; possibly the insect did not take the virus of top 
necrosis so easily, as most of them were infected already with the leaf -roll 
virus. Possibly the top necrosis is like aueuba mosaic, difficultly trans- 
missible by insects. The last supposition is made probable by the fact that 
the Duke of York variety is regularly cultivated by the side of other 
varieties without the occurrence of top necrosis on the latter. 

Ee turning to the discussion of the results concerning the problem why 
the experiment was started, it appears that in all cases a rather high per- 
centage of the plants had become diseased. This seems to be in contradic- 
tion to the English-Irish experiments, so far as it concerns the plants on 
wffiich Aphis rhanini, A. fabae^ and Psylliodes affinis were brought; this 
contradiction, however, is not so important as it would seem to be. The 
circumstances under which the plants were grown in the houses, viz, com- 
paratively high temperature and humidity and scarcity of light, lengthened 
their growing period. Thus, the chance of infection increased, as well as 
the possibility that, after the infection, the virus was able to reach the tu- 
bers. Already, in the description of the arrangement of the experiment, the 
possibility of a repeated infestation of the healthy plants was advanced. In 
the houses with Myzus persicae and Aphis rhamni these aphids multiplied 
so fast that, to prevent an early withering of the plants, these houses had to 
be fumigated wuth a nicotine preparation. After the fumigation new 
aphids were brought on to the plants. Aphis fdbae multiplied less strongly. 
To contrive, however, a regular dissemination over all the plants and to be 
sure of a repeated infestation, several aphids were at intervals transmitted 
from tlie diseased to the healthy plants. With Psylliodes affinis this was 
more difficult, yet the regular spreading of this insect was managed. These 
beetles enter the soil for propagation and soon die there. For some months, 
therefore, beetles just caught were placed 2 or 3 times per week on the dis- 
eased plants. The following day the insects still feeding on them were spread 
over the health^^ plants. In this way the possibility of a maximum infection 
was created in all cases. In spite of this, except in the house with 31. 
jyersieaef a smaller or larger number of plants remained healthy. This 
difference in attack can be explained only from' a real difference in the rela- 
tion existing between the virus and the various insects used. 

In attempting to explain the difficulty with which leaf roll is trans- 
mitted by the potato flea beetle, it must be remembered that in insects with 
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cutting mouth parts the salivary canal usually ends in the pharynx, in 
which organ the food is mixed with the saliva. With the sucking insects, 
on the contrary, the sucking canal and the salivary canal are separated 
from each other as far as the end of the setae. Thus, saliva is first injeeted 
into the living plant cell, after which the cell contents are withdrawn by 
the insect through its sucking canal. With the exception of the probably 
rare cases of accidental infection through virus sticking to the month 
parts, it must be assumed that with sucking insects the infection of healthy 
plants takes place through the saliva. The virus is sucked in together with 
the food and diffuses from the intestinal canal into the blood and froni 
there into the salivary glands to arrive with the saliva hack into the plant. 
It appears from numerous well-studied cases that the infection hy sucking 
insects really takes place in this way. In the first jfiace, the infection 
occurs with greater certainty than can be explained from tlie infection 
with virus residue sticking to the mouth parts. Secondly, it has been 
shown that the virus is not lost Avith molting and is preserved if the insects 
live for some time on plants not susceptible to the disease. See Severin 
(23), Carsiier (2), and others for curly top of sugar beet; Kunkel (11) 
for aster yellows; McClintock and Smith (12) for spinach blight; Storey 
(28) for streak of maize; Elze (5) for potato leaf roll; and Ogilvie (15) 
for a virus disease of lily. 

It can he assumed that Avitli insects Avitli cutting mouth parts the virus 
taken with the food diffuses likeAvise from the intestinal canal tlirough tlie 
blood to the salivary glands. This being true, the virus Avill come back 
into the plant very rarely Avitli the taking of food, as the food is not mixed 
with a virns-bearing saliva before it comes in the pharynx. Consequently, 
it may he assumed that infection by the potato flea beetle will take place 
only accidentally through virus residue sticking to the mouth parts. 

More difficult is the explanation of the differences in transmitting power 
of the three species of aphids used. The feeding habits of aphids liavc 
been studied by several investigators, and over and over again the observa- 
tions of Biisgen (1) and Zweigelt (30) have been confirmed, that these 
insects penetrate Avitli the stylets into the phloem; for My?ms 'persicae, 
among others, by Smith (24) and for ApliiH fabae by Davidson (3), wliile 
the writer has observed the same for A. rhanini. Thiis the differenees in 
transmitting power cannot he explained as a mechanical phenomenon. 
The most plausible concept is undoubtedly the assumption that Avitli the 
various aphids the leaf-roll virus is attacked to a different degree by the 
internal organs and their secretions, either in the intestinal duct, in the 
blood, or in the salivar}^ glands. In other words, there exists a more or 
less pronounced adaptability of the virus to the various aphids. With 
M. persicae this adaptability is most marked. The researches of Elze (5) 
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and Smith (27) point to the fact that the virus is able to keep alive for 
some time in this insect and probably to multiply itself. With A. j^hamni 
this adaptability is much weaker, whereas with ^4. fahae the virus seems 
to be destroyed entirely. Infection seems to take place here exclusively 
through virus residue that is accidentally present on the stylets. The 
results of Elze (5) and Murphy and McKay (14) with M. j^^seicdosolani and 
of ^Schultz and Folsom (20, 21) and Murphy and McKay (14) with 
Macros solanifolii point to the probability that these aphids, as 
regards their adaptability are intermediate between A. rhamni and A. 
fahae. 

If this theory about the connection between the leaf-roll virus and the 
different potato aphids is right, the following may be concluded: 

First. Of each aphid species a certain percentage of the individuals 
that have lived on diseased potatoes will be able to transmit leaf roll after 
molting, without sucking any more on the diseased plants. 

Second. This loercentage of disease transmission by molted aphids will 
differ only slightly from that by nonmolted ones of the same species. Thus, 
this percentage will vary from nearly 0 with A 2 :)his fahae to about 100 with 
Mys'us yersicae. 

In order to study the correctness of these conclusions, the following 
experiments were made during the winter of 1929-30. Aphids of the 
species Myzus persicae and Macrosiplmim solanifolii were reared on leaf- 
roll tubers. Ap/ii‘s rhobmni could not be made use of, for, until now, I have 
not succeeded in breeding this aphid parthogeiietically during the winter, 
whereas A 2 Mis fahae and Myzus 2 ^seudosolani are growing too poorly on 
sprouting tubers to make use of them for these experiments. 

To be sure that after molting the aphids would not feed any more on 
the diseased tubers, nearly full-grown larvae were brought from the 
diseased tubers in little glass tubes and kept therein for a night. In each 
tube a single individual was kept and its molting observed. The next 
day the molted and nonmolted aphids were placed each on a separate tuber. 
The results are shown in table 2. 


TABLE 2. — Eete'nMo7i of the virus of potato leaf roll l)y aphids after molting 



Transmission by ixon- 
molted aphids 

Transmission by molted 
aphids 


Number of tubers ' 

Number of tubers 


Treated 

Diseased 

Treated 

Diseased 

Myalls persicae 

11 

10 

10 

7 ■ 

Macrosiphum solanifolii 

34 

■ 7 

25 ' i 

9 
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The number of treated tubers is ratlier small ; still; from the figures, it 
is evident that Macrosvpliiiin solanifoln does not lose the virus during the 
process of molting, just as has been shown earlier for Myzus persicae (5). 
However, the percentage of the treated tubers that became diseased was 
much smaller with Macrosijohum solanifolii than with Myzus arid 

this was the ease when molted as well as when nonmolted aphids were used. 
So, the results are in accordance with the assumption as to the cause of the 
differences of the potato aphids in transmitting leaf roll. However, con- 
tradictory to the results of Murphy and McKay (14) and Smith (27), the 
transmitting powder of Macrosi 2 :>Mim solanifolii seems to be large enough 
to he significant whenever this aphid is numerous. 

According to the researches of Elze (5) and of Smith (25, 26, 27), 
other sucking insects, such as leaf hoppers and capsid bugs, have no greater 
significance for the spreading of leaf roll than Psylliodes affinis. It is 
possible, as Smith (24) has shown, that this may partly be ascribed to the 
fact that these insects, while feeding, do not tap the phloem so regularly 
as do aphids. Eelative to researches on such diseases as curly top, aster 
yellows, etc., where leaf hoppers are the only spreaders of the diseases, it 
does not seem probable that this circumstance is very important. It is 
rather to be assnmed also that with these insects the virus, after reaching 
the intestinal duet, is for the greater part destroyed. It should also be 
taken into account that in many cases the plant cells react so violently to 
the sucking of these insects that the protoplasm soon dies. For the further 
spreading of the strongly parasitic virus through the plant this should be 
an unfavorable cireumstanee, as already Smith (24) has asserted. 

In relation to this it should he noted here that, according to the descrip- 
tion of "Wille (29), the capsid bug Fiesma quadrata Fieb., causing the 
Krauselkrankheit’ ’ of the beet in Germany, does not cause such a, violent 
reaction as appears from the early symptoms of this disease. Wille states 
that the Kraus elkrankheit should be included among the virus diseases. 
Also, the leaf hoppers E^lteiiix ienellus Bak., Cicadiila sexoiotata Fall., and 
Balchitha mbila Naude apparently do not cause necrotic spots. 

In America necrotic spots develop to a high degree through Em.,poasca 
mali Le Baron living on numerous plants, hut, as far as known, this insect 
plays no part as a spreader of a virus disease. At least, nothing indicates 
that the spots observed by Eyer (7) and Granovsky (9, 10) are related to 
virus diseases. 

Elze (5) has given a classification of the virus diseases based on the 
relation between the virus and the insect with each of these diseases. From 
subsequent publications it appears that nearly always, when studied more 
thoroughly, a very close biological relation exists between the virus and at 
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least one of the insects able to transmit it. This points strongly to the 
living nature of the virus. 

The only exception hitherto known is cucumber mosaic, where, according 
to Doolittle and Walker (4), Aphis gossipii Glov., as well as the beetles Dia~ 
Irotica vHioita Pabr. and D. duodecimpunctaia Oliv., loses its transmitting 
power soon after leaving the diseased plant, so that in this case infection 
takes place only mechanically. In the remaining cases a distinction can be 
made between diseases (such as curly top and aster yellows) that can be 
transmitted by but one insect species and diseases that can be transmitted by 
a greater number of insects. In the latter only one or a few of these insects 
stand in closer biological relation to the virus. The remaining insects 
transmit the disease only mechanically and are mostly of little importance. 
Spinach blight and leaf roll can be placed in this group. It may prove 
necessary to separate aster yellows from those diseases that are transmitted 
by one insect species because of the long incubation period (10 days) of 
the virus in the insect. In all other cases, where the incubation period is 
determined, it lasts only 1 or 2 days. 

There yet remains a group of diseases in which the transmission by 
insects has not yet been successful. Among such are peach yellows, sandal 
spike, and abutilon mosaic. 

SUMMARY 

The present-day knowledge of the significance of various insects in 
relation to the spread of the virus diseases of the potato is discussed. 
Mys%ts persicae.;, which is particularly well adapted for spreading such 
diseases, has been studied especially in connection with leaf roll. 

There are different opinions as to the ability of other insects to transmit 
the viruses of the potato. It is suggested that such differences are due to 
the use of different experimental methods. European research wnrkers 
generally are of opinion that Myzus p 67 'sicae is the only insect that plays 
an important part. 

Experiments are described on the spread of leaf roll from the varieties 
Bevelander, Green Mountain, Eural, and Irish Cobbler to the varieties 
President, Duke of York, and Ked Star by the aphids, Aphis rhamni, 
Myzus persieaej and A, fabae^ and the flea beetle, Psylliodes affinis. In 
these experiments the most favorable circumstances for infection wwe 
provided. The table of results shows that M. persicae infected all 22 
plants, A. rJiamni 13, A, falae 6, and P. affinis 8 plants. 

The small transmitting power of Psylliodes affinis is ascribed to the fact 
that insects with cutting mouth parts can cause infection only through 
virus residue that may accidentally adhere to the mouth parts. With the 
aphids and other Hemiptera, on the contrary, the differences are explained 
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by the assumption that the virus taken with the food is more or less de- 
stroyed by the organs of the insect, according to the degree of adaptability 

of the virus to the insect. 

The correctness of this assumption is made probable by an experiment, 
wherein it is shown that Myzus persicae and MacrosvphMm solmiifolii do 
not lose their transmitting* power when molting* and that the pereentag’e of 
virus-bearing individuals that are able to transmit the disease is nearly the 
same before and after the molt. Under the same conditions the transmit- 
ting power of Myzus persicae was much greater than that of Mucrosiphnm 
solanifolii (Table 2). 

Considering these results and those of other investigators, the U nving 
classification is given, based on the relation of virus diseases to iii ds. 

1. Viroses which, according to our present knowledge, not spread 

by insects, e.g., peach yellows, sandal spike. ** " 

2. Viroses which are spread by different insects and are not specially 
adapted to any of these insects, e.g., cucumber mosaic. 

3. Viroses which are adapted to particular insects. 

A. Which, in addition, are transmitted mechanically by other in- 

sects, e.g., potato leaf roll, spinach blight. 

B. Which are transmitted only by the insect to which, the disease 

is adapted. 

a. With a short incubation period of the virus in the insect, e.g., 

curly top, streak of maize. 

b. With an incubation period of about 10 to 14 days, e. g*., aster 

yellows. 

Instituut voor Phytopathologie, 

Laboratorium voor Mycologib, 

EN Aardappelonderzoek, 

Wageningen, Holland. 
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THE EELATION OF PHYSIOLOGIC SPECIALIZATION IN ' 
TILLETIA TO EECENT EPIPHYTOTICS OF BUNT 
IN DUKUM AND MARQUIS WHEATS" 

C.S. Holtons 
INTRODUCTION 

In a previous publication^ tlie writer pointed out that, prior to 1925, 
bunt caused virtually no damage to durum wheats in the hard-red-spring- 
wlieat region of the United States but that its prevalence and destructive- 
ness have increased so greatly since that time that the disease has assumed 
major importance. Evidence was presented that this increase in the 
severity of bunt in durum was due to the existence of one physiologic form, 
or possibly several, of Tilletia triMci (Bjerk.) Wint., apparently not 
present or, at least, not widely distributed previously. The present paper 
reports the results of experiments that substantiate this conclusion. In 
addition, it has been found that Marquis, previously highly resistant in the 
field in the spring-wheat region, became severely smutted in many fields in 
1930. The results of inoculations indicate clearly that this increased 
amount of bunt in Marquis apparently is due also to the existence of at 
least one hitherto unknown form of T. levis Kuhn. Marquillo, a newly 
developed stem-rust-resistant common wheat also seems susceptible to the 
new form. Gaines^ has reported similar experiences with certain bunt- 
resistant varieties of wheat in Washington. 

MATERIALS AND METHODS 

Ten varieties of common and durum wheats and of emmer were inocu- 
lated with four collections of Tilletia tritici and two collections of T. levis 
ill the field, at University Farm, St. Paul, Minnesota, in 1930 (Table 1). 
The seed was treated with formaldehyde (dip method), washed in water, 
and, when dry, inoculated at the rate of 0.5 gram of spores to 100 grams 
of seed. After inoculation, the seed was sown in triplicated, systematically- 
distributed, 8-foot rows in the field. 

1 Pulblislied with the aj)proval of the Birector of the Minnesota Agricultural Experi- 
ment Station as paper No. 978 of the Journal Series of the Minnesota Agricultural 
Experiment Station. 

- The writer is greatly indebted to Br. E. C, Stakman for invaluable siiggestiona 
offered in the writing of this paper. 

3 Holton, C. S. A probable explanation of recent epidemics of bunt in durum 
wheat. Phytopath. 20: 353-357. 1930. 

^ Gaines, E. E. New physiologic forms of Tilletia lex'is and Tilletia tritici. Phy- 
topatli. 18: 579-588. 1923. 
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TABLE 1. — The ^efcentages of smutted heads in ten varieties of wheat and emmer inoculated artificially with four collections 
of Tilletia tritici a7id two collections of 2\ levis at University Farm^ St. Paul, Minnesota^ in 1930 
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The perceiitag-es of infection (Table 1) are based on counts of 600 
heads in all varieties except Mindum, in "which ease the percentages are 
based on the total number of heads, ranging from 449 to 600, in 3 8-foot 
rows. Except for Kota and Ceres, in which smutted heads were easily 
detected by external examination, smutted heads ■were determined by 
clipping each head three times. No distinction was made between partially 
and completely smutted heads. 

A number of commercial w^heat fields^ in various sections (south, west, 
north) in Minnesota were examined for bunt infection. The percentages 
of bunt were computed from counts of bunted heads in 10 separate yard 
lengths of the drill rows, selected at random. Random samples w^ere 
examined microscopically to determine the relative prevalence of the two 
species of bunt in the various fields. (Table 2). 

RESULTS 

The results obtained in the inoculation tests with four collections of 
TiUeiia irifiei confirm those which have been published — Holton, 1. c. 
The California and Manitoba collections probably consist of identical 
forms, for the virulence of one was very similar to that of the other on the 
varieties tested (Table 1). Both collections were extremely virulent for 
Kota, the California collection producing 50.8 per cent and the Manitoba 
collection 39.3 per cent. In 1929 these collections produced 53.8 and 42.6 
per cent of bunt, respectively, on Kota. All other varieties tested, except 
Ceres, appear to be highly resistant to these collections. The North Dakota 
collection w^as most virulent for the durum wheats, Mindum and Pentad, 
producing in these varieties 30.2 and 40,1 per cent of bunt, respectively, in 
1930, as compared with 50.6 and 40.1 per cent, respectively, in 1929. All 
other varieties tested, except Kota, have been somewhat resistant to this 
form. The results obtained from this collection in 1930 established the 
validity of previous conclusions that the apparently increased susceptibility 
of durum wheats to bunt is due to the presence of a physiologic form of the 
pathogene previously not prevalent in durnm-growing regions.® Field 
observations during the season of 1930 also confirm the conclusion that 
diirnm wdieats, as a class, are no longer resistant to bunt, as evidenced by 
the fact that the amount of bunt in commercial fields of Mindum ranged 
from a trace to 51 per cent (Table 2). 

The Litchfield, Minnesota, collection of iritici produced 23.6 

per cent of bunt in 1929 and 16.1 per cent in 1930 on Vernal, while all 

5 Data on commercial wheat fields were obtained hy tbe writer during a survey con- 
ducted by the Agricultural Extension Division of the University of Minnesota in co- 
operation with the Plant Disease Survey, United States Department of Agriculture. 

Holton, 1. c. 



690 


Phytopathology 


[VoL. 21 


TABLE 2.~^Smui %woduced 'by Tilletia levis and T. tritici in SI commereuil fields of 
Marquis and A£indu7n wheat a^id Vernal em^ner in three widely 
sepai’aied counties in Minnesota 1930 


Variety of grain 

Species of Tilletia 

Percentage of smut 

Marquis 

levis 

40 

i i 

L' C 

4:0 

i t 

( i 


i i 

i ( 

3S 

( c 

c t 

35 

1 e 

i £ 

5 
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2 

C ( 

i i 

4 
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£ £ 

5 

{ ( 

£ £ 

<> 

( ( 
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4 
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£ £ 

4 

( i 

££ 


i i 

£ C 

4 

i ( 

£ £ 

4 

{ { 

£ £ 

14 

{ c 

1 £ 

k-i 

C £ 

£ £ 

5 

Mindum 1 

1 

tritici 

40 

1 

( £ 

51. 

s ^ 1 

£ £ 

5 

( ( 

£ £ 

8 

( £ 

£ £ 

5 

( { 

£ £ 

4 

( £ 

£ i 

7 

i ( 

£ £ 

5 

i £ 

£ £ 

11 

( C 

£ C 

tf, 

( £ 

£ £ 

3 

C £ 

i i 

tr. 

V enial 

£ £ 

40 


other varieties inoculated,^ except Kota, were highly resistant. In the one 
field of Vernal obserwed in 1930, 40 per cent of the heads were smutted 
with T. tritici (Table 2). It is evident that additional experimental data 
and field observations support the contention that Vernal is no longer 

resistant to bunt. ^ 

Marquisj a common wheat previously markedly resistant to bunt, is now 

known to be quite susceptible. In 1929 a field of Marquis near Ivanhoe, 
Minnesota, was reported heavily infected with bunt, approximately 40 to 
50 per cent. A sample of bunt was collected from this field, identified as 
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Tilletia levis and used in the inoculation experiment in 1930. This col- 
lection produced 23.3 per cent of bunt on Marquis and proved extremely 
virulent on Kota and Ceres and moderately virulent on Marquillo (Table 1). 
When eommereial fields of Marquis were examined in 1930 it was not 
uncommon to find very much higher percentages of bunt than had been 
reported prior to 1929. In 5 of the 18 fields examined there was 35 per cent 
or more of bunt (Table 2). It is obvious that Marquis can no longer be 
considered highly resistant to all forms of bunt, and it is probable that the 
increased amount of bunt in it is due to a hitherto unknown physiologic 
form of T. levis that, until recently, has not been prevalent in regions where 
Marquis wheat is grown. 


/)/^n/?oe 


/va/7/}oe 


/\/'3nfyoe 


Per ce/7t 

Fig. 1. The percentages of infection in Marquillo, Marquis, and Kota inoculated with 
spores of two collections of Tilletid levis from Minnesota. 

It is obvious from the results summarized in table 1 that there are two 
distinct physiologic forms^ of Tilletict levis, based on their pathogenicity 
for the varieties inoculated. The form from St. Paul, Minnesota, is 
extremely virulent on Kota and Ceres, while Marquis and the other varie- 
ties tested were either highly resistant or virtually immune. This is in 
accordance with the results obtained by Eodenhiser and Stakman.® The 
form front Ivanhoe, Minnesota, also is extremely virnlent on Kota and 
Ceres and, in addition, attacks Marquis and Marquillo heavily (see Table 1 
and Figure 1). Henee, it is considered distinct from the St. Paul form 
because of its greater virulence on Marquis and Marquillo. 

r The propriety of designatiug these collections as physiologic forms is discussed 

on page 354 of the writer’s first paper (1. c.). 

8 Eodenhiser, H. A., and B. C. Stalunan. Physiologic specialization in Tilletta lexis 
and Tilletia tritici. Phytopath. 17: 247-253. 192/. 


Pfarqu/Z/o 
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Field observations, which are summarized in table 2, indicate that all 
the fields of Marquis examined were infected with Tilleha leviSy while all 

the fields of Mindum, as well as the single field of Vernal, were infected 

with r. triad. 

This observation is borne out b}^ experimental evidence inasimicli as tlie 
results in table 1 show- clearly that the highest percentages of smut on 
Marquis and Marquillo are produced by Tilleiia levis, while the liighest 
percentages of smut on Mindum and Vernal are produced by T. iritiei. 
Similar evidence has been presented by Brentzel and Smith.^ 

It is perfectly evident that new physiologic forms of Tilletia levis and 
T. iritiei have been and apparently still are making their appearance in the 
hard-red-spring-w^heat region. These forms are quite distinct from each 
other in pathogenic capabilities. Whether these forms Avere introduced 
into the region from other regions, wdiether they arose as a result of muta- 
tions, or wdiether they arose as a result of hybridization betw^een existing 
forms is not known. It has been shown by Stakman, Christensen, Eide, 
and Peturson^" that Ustilago zeae (Beckm.) Ung. mutates abundantly and 
that some of the mutants differ sharply from their parents in pathogenicity. 
It was shown also by these authors that hybridization is extremely common 
within the species. Thera is no reason wdiatever why new forms of T. levis 
and T, triiid should not originate through these perfectly natural processes. 
It is possible that they may originate as a result of hybridization betw’een 
different physiologic forms or possibly even betw^^een the two species. It 
also is entirely possible, of course, that they may have been introduced from 
other regions. Whatever the mode of origin, it is perfectly apparent that 
new physiologic forms of the twn bunt species do appear and that varieties 
which have been resistant in the field hitherto may be very susceptible to 
new forms. The practical importance of this fact is perfectly obvious and 
is very clearly apparent in connection with tlie bunt situation. For many 
years, the durnms remained almost free from bunt in the upper Mississippi 
Valley and Great Plains region. It w^as shown, as a result of extensive 
inoculations, that virtually all of the durum varieties actually wuire highly 
resistant to those forms of the bunt species wdiich seem to be most prevalent, 
but the duriims can no longer be considered resistant for practical purposes, 
as they are very susceptible to certain physiologic forms that are wudely 
enough distributed to cause real epiphytotics of bunt in durum wdieats. 
Furthermore, Marquis, extensively grown in the spring-wheat region since 
about 1915, has also been highly resistant to bunt in the field. It was also 

9 Brentzel, W. E., and Balph W. Smith. Varietal resistance of sx^ring wheats to 
bunt. N. Dak. Agr. Exp. Sta. Bui, 231. 1929. 

19 Stakman, E. C., J. J. Christensen, C. J. Eide, and Bjorn Peturson. Mutation and 
hybridization in Ustilago seae. Minn. Agr. Exp. Sta. Tech. Bui. 65. 1929. 
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decddedly resistant to all collections of bunt with wliieli it was inoculated 
artificially in the experimental plots at University Farm, St. Paul, Minne- 
sota, for at least 10 years. During* the summer of 1930, however, the 
writer showed that this variety is very susceptible to at least one physiologic 
form of T. levis^ which also has become widely enough distributed geo- 
graphically to cause considerable losses to Marquis in the field. Marquillo, 
which because of its parentage would be expected to be highly resistant and 
which actually has been resistant when grown in the field, also is susceptible 
to at least one physiologic form of T. levis. From previous experience 
it seems likely that this variety also may become rather heavily bunted after 
it has been grown commercially for a sufficiently long time to permit the 
accumulation of inoculum on the seed. It seems very clear, therefore, that 
the bunt situation is continually changing and that varieties, resistant in 
one locality, may be susceptible in another. Furthermore, varieties may 
be resistant for a number of years in the same locality only to succumb to 
attacks of bunt when new physiologic forms make their appearance. The 
exact nature of resistance of varieties of wheat to bunt is not clearly under- 
stood. It seems probable, however, that varieties in order to be long useful 
from the standpoint of bunt resistance may have to have some sort of struc- 
tural or functional resistance that will enable them either to resist or escape 
the attacks of the pathogene. It seems highly desirable, therefore, to make 
basic studies on the nature of resistance. In the meantime the writer con- 
siders it of the utmost importance to continue investigations toward the 
perfecting and simplification of seed treatments. It would seem extremely 
important to continue very vigorously the campaign for the treatment of 
all seed wheat and particularly of new and improved varieties. One can 
never be sure of the bunt situation at any given time, and it would seem to 
be the part of wisdom, therefore, to use to the fullest possible extent the 
method of bunt control which is known to be efficacious, namely, seed treat- 
ment, and, in some regions, crop rotation. 

SUMMARY 

1. The virulence of four collections of Tilletia iritici and two collections 
of T. levis was compared on ten varieties of Triticum. 

2. The results with Tilletia iritici confirmed those already puhlished^^ 
Obviously, the recent epiphytotics of bunt in durum wffieats are caused by 
a physiologic form which has not been prevalent until fairly recent years. 
Experimental evidence and field observations in 1930 also confirm the con- 
clusion drawn from results obtained in 1929 that Vernal, previously resis- 
tant, now is susceptible to bunt, because of the appearance of a form of 
T. iritici previously unknown. 

Holton, 1 . c. 
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3. Two physiologic forms of Tilletia levis were identified on the basis 
of their reaction on Kota, Ceres, Marquis, and Marquillo. The St. Paul, 
Minnesota, collection represents one form which is distingmshable by its 
high degree of virulence on Kota and Ceres and low virulence on Marquis 
and Marquillo. The collection from Ivanhoe, Minnesota, repreKsents anotlier 
form which attacks Marquis and Marquillo, as well as Kota and Ceres, with 
a high degree of virulence, 

4. Field observations have confirmed experimental evidence that recent 
outbreaks of bunt in Marquis wheat are due to the presence of a hitherto 
undescribed physiologic form of Tilletia levis. 

5. Under field conditions Tilletia levis is the predominant species occur- 
ring on Marquis, and T. tritici is the predominant species on Mindum and 
Vernal This observation is eonfii*med by experimental results which show 
that Marquis is quite susceptible to T. levis and highly resistant to T. tritiei 
while the reverse is true with Mindum and Vernal 

University Farm, 

St. Paul, Minn. 



THE EFFECT OF ULTRA-VIOLET LIGHT RADIATIONS ON THE 
VEGETATIVE GROWTH OP WHEAT SEEDLINGS AND 
THEIR INFECTION BY ERYSIPHE GRAMINIS" 

G. L. Hey andJ. E. Carter 
EXPERIMENTAL PROCEDURE 

Source of lighi: The lamp used was a quartz mercury-Yapor lamp 
(Hanovia Artificial Alpine Sun, 2.5 amps., 210 volts direct current type). 
An interval of 3 minutes was allowed to elapse after lighting up before 
using the lamp, in order to allow it to become steady. At the intensities 
employed there was very little heat effect, as registered with an ordinary 
mercury thermometer. 

The objects to be irradiated were grouped directly under the light, the 
outer pots or boxes being tilted slightly to allow the light to fall normally 
on the leaves. Distances were measured from the center of the quartz tube 
to the tips of the plants. 

Source of infection: The plants were kept in a greenhouse where 100 
per cent infection had occurred in susceptible varieties for several years 
past and where non-treated wheat plants were already showing such in- 
fection. 

Material used: The varieties of wheat used were Squarehead’s Master, 
Little Joss, American Club (susceptible), and Persian Black (immune). 

PRELIMINARY EXPERIMENTS 

A few preliminary experiments were conducted in order to determine 
the quantity of light that would be effective in reducing the infection of 
the plants by the mildew without greatly damaging the plants themselves j 
and also to determine whether irradiation with ultra-violet light would 
render the immune variety, Persian Black, susceptible to infection. Of 
these experiments the most conclusive was as follows ; 

Seeds of Persian Black, Little Joss, and Squarehead’s Master were 
sown ill earth and 24 days later were placed in 4-J-ineh pots, 4 plants per 
pot. After an interval of 2 days, to allow the plants to become established, 
2 pots of each variety were irradiated daily for 3, 10, and 15 minutes, re- 
spectively, at 24 inches from the light, and 2 pots of each variety were left 
This work was carried out at the suggestion of Dr. W. A. R. Dillon Weston, as a 
continuation of his own work on the action of ultra-violet light on soms specific fungi.2 
To him. the writers wish to express their gratitude for the suggestion and for the loan 
of apparatus and material; also to E. T. Hainan, Esq., for his advice and assistance. 

2 Weston, W. A. R. Dillon. The fungicidal action of ultra-violet radiation. Phyto- 
path. 20: 959-965. 1930. 
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non-treated as controls. The treatment was eontinned 14 clays, and the 

plants were examined within 24 hours after the last irradiation and ag’ain 
a week later. Before irradiation commenced, with the exception of the Per- 
sian Black seedlings, all the plants were badly infected with mildew. 

First examinaUon: Persian Black. All plants perfectly free from inih 
dew. Those treated 3 minutes no scorching effect, 10 and 15 ininntes badly 
scorched. 

Little Joss and Squarehead^s Master. Controls, all badly mildewed, 
every leaf attacked. Treated 3 minutes, mildew slight and only on old, 
lower, yellowed leaves on surface away from light ; new leaves free. Treated 
10 and 15 minutes, almost no mildew,- leaves badly scorched. In every ease 
Squarehead’s Master was more highly infected than Little Joss. 

Second examination: Persian Black still noninfected. Squarehead’s 
Master and Little Joss plants all badly infected. 

This experiment shows that by a suitable irradiation it is possible to 
render infected plants almost free from disease, but, at the concentrations 
so far employed, the jolants themselves were severely injured. It "was there- 
fore determined to discover if, commencing with plants free from mildew, 
suitable irradiation \vould keep them clean without deleterious effect on 
their growth. 


SUBSEQUENT EXPERIMENTS : EXPERIMENT NO. 1 

Little Joss and Persian Black: Pots of Little Joss and Persian Black 
seedlings, about 11 cm. high and free from mildew, "V'ere treated 5 days as 
follows : 

1, 5, 10 minutes once a day at 24 inches from the light. 

1 and 5 twice 24 

1 minute once 48 

1 twdce “ ‘‘ ‘‘ 48 “ 

There were 2 pots of each of these treatments of both varieties, and, in 
addition, 3 pots of each variety were left as controls. 

The plants w^ere examined the day after the last irradiation ami again a 
fortnight later. 

First examination: Persian Black. All plants free from mild(nv. No 
scorched plants except in those cultures treated 5 and 10 minutes. 

Little Joss. Controls, all plants badly infected with mildew; no scorch. 

Treated. 

1 minute at 48 inches once. Mildew just showing. No scorehing. 

1 '^48 '' twdce. No mildew. No scorching. 

1 '' ''24 '' once. Mildew very slight. No scorching. 

1 "24 " twice. No mildew. No scorching. 
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5 ^ ‘ ' 24 ' ‘ once. Slight scorching. 

^ ‘^ 24 “ twice. Badly scorched. 

'' ‘‘24 once. “ Slight scorching. 

Second examination: Persian BlacJc. All plants still free from mildew. 
It was very noticeable that although all the plants %vere exactly alike at the 
commencement of the experiment, those irradiated 1 minute a day at 48 
inches were all much stronger and taller than an^^ of the others. 

Little J OSS. All plants badly mildewed; the controls, nearly killed. No 
noticeable difference in height betw^een any of these plants, as in the case of 
Persian Black. 

SUMMARY 

The general result of this experiment seems to show that it is possible to 
render the plants free from mildew without causing anj^ visible harmful 
effects on the plants themselves. When irradiation was discontinued the 
plants became infected. The effect of irradiation twice a day seems greater 
than irradiation for the same total time once a day. 

In order to test the results of Experiment No. 1 more accurately, the 
following experiment was devised. 

experiment no. 2 

Three boxes of wheat seedlings, approximately 8 cm. high and about 300 
plants per box, one box, each, of American Club, Little Joss, and Persian 
Black, were each divided into three approximately equal portions. One of 
these divisions wns left untreated as a control, and the other two were irra- 
diated, the one for 1 minute and the other for 3 minutes a day for 15 days, 
at 48 inches from the lamp. At the commencement of the experiment the 
seedlings w'ere all free from mildew. 

Tw^elve hours after the last irradiation most of the seedlings were taken 
up and an average sample of 100 from each division in each box w^as care- 
fully measured for height and examined for milde'w. Those plants upon 
wRieh not a single pustule of the fungus could be seen by the naked eye 
w^ere recorded as clean. 

TABLE 1. — Average height, in centimeters, of the seedlings of American Cluh, Little 

Joss, and Persian 'Blac'k treated 1 ininnte and 3 minutes with ulira-vioUt light 


Tariety Control Treated 1 mimite Treated 3 minutes 


American Club 23.5 24.8 22.1 

Little floss 24.1 27.5 23.5 

Persian Black 21.8 21.9 21.4 


The Persian Black seedlings became “lodged” so that the light was not 
equally distributed on all the plants in each section, and therefore the re- 
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suits cannot be quite comparable with those obtained on the other two 
varieties. 

TABLE 2. — Fercentage of American Club, Little Joss, and Fersian Blacl' mheai plants 
mfeeted by mildeiv following exposure to ultra-violet hglit for periods of 
1 and S 'minutes, respectively 


Variety Number clean Number infected Percentage infected 


American Club 

Control 22 78 78 

1 minute 26 74 74 

3 minutes 90 10 10 

Little J OSS 

Control 0 100 100 

1 minute 9 91 91 

3 minutes 48 52 52 

Fersian Blade 
All clean 


Those seedling’s left in the boxes were kept without further treatment 
for a week and then examined, when it was seen that the Persian Black 
plants were still not infected, while those of the other two varieties were all 
badly attacked by mildew. 


SUMMARY" 

With American Club and Little Joss 1 minute of irradiation gave in- 
creased growth but only slightly reduced the percentage of infeetiou ; while 
irradiation for 3 minutes reduced the growth but greatly reduced the per- 
centage of plants infected by mildew,* but when irradiation ceased the 
plants again became infected. 

In the case of Persian Black the effect on growth was not so inai^ked, and 
its immunity from mildew was not affected. 

DISCUSSION 

In these experiments it was found possible to give the plants an amount 
of ultra-violet light irradiation which gave fairly eft'eetive control t‘f the 
fungus without causing much damage to the host. 

The light apparently acts directly on the fungus mycelium, killing it or 
rendering it dormant. The action is not an indirect one affecting the me- 
tabolism of the host in such a way as to render it immune or resistant. This 
is shown by the fact that the fungus was suppressed only on the side of the 
leaves exposed to the light. (In some of the experimentKS the pots were 
turned about so as to expose all surfaces to the light, and in these cases the 
fungus was killed on both sides of the leaves.) Also, when irradiation was 
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stopped tlie plants became as readily and severely infected as before. 
Since, however, certain quantities of light were found to give increased 
gro-wth, this would have an indirect effect in enabling the plants to flourish 
in spite of slight infection. 

Smaller quantities of light were required to keep clean plants free from 
disease than to kill the fungus on infected plants. This probably means 
that the young hyphae are more susceptible to ultra-violet irradiation than 
are the older mycelia. 

It was found impossible, even when using quantities of light which pro- 
duced severe scorching, to break dowm the resistance to infection of the 
variety Persian Black. This is contrary to what might have been expected, 
since cutting or burning leaves of cereals will often break down their re- 
sistance to attacks of mildew.^ 

In view of the fact that certain quantities of irradiation gave increased 
growdh of the wheat plants (which confirms a result obtained by Delf, Eit- 
son, and Westbrook),^ it would have been interesting to correlate the quan- 
tity of ultra-violet-light irradiation to W'hich the plants were subjected with 
the quantity occurring in normal summer sunshine. An attempt was made 
to do this, but it was found impossible. It is a well-known fact, however, 
that in England the hotter and drier the summer, the greater the yield of 
wheat. This is borne out by the following figures: In 1929 the w^heat yield 
averaged 19.1 cwt. [31.8 bushels] per acre and the weather conditions ■were 
exceptionally hot and dry and the incidence of mildew was slight.^ This 
year the weather has been wet and the incidence of mildew fairly great ; 
the yield is estimated at only 15.8 cwt. [26.3 bushels] per acre. The 10 
years’ average is 17.7 cwt. [29.5 bushels]. It is probable that in an English 
summer the amount of ultra-violet irradiation is never sufficiently high to 
give the maximum yield of which the wheat crop is capable. But, the 
amount may be sufficient, as in 1929, to suppress the growth of the fungus, 
and this is possibly one of the factors influencing the yield; whereas, in 
1930, the amount wns so low that the fungus flourished and the crop thereby 
suffered. 

School of Agriculture, 

Cambridge, England. ^ 

^ Salmon, E. S. On Eiysiphe graminis DC. and its adaptire parasitism witMn tlie 
genus Bromns. Ann. Myeol. 2: 307-343. 1904. 

4i)elf, E. M. The effect on plants of radiations from a quartz mercury vapour 
lamp. Brit. Jour. Exp. Biol. 5: 138-154. 1927. 

'^’Ministry of Agriculture and Fisheries (England), Monthly Agr. Bpts. 1929—1930. 




TURGJESCENCE AND RUPTURE OP POTATO TUBER 
H. 6. MacMillan 


A condition arose recently in a field of potatoes under irrigation wliieli 
gave opportunity for a limited study of some effects of high turgescence in 
tubers. Tlie potatoes were of the Bliss Triumph variety. They were of 
excellent ciuality and the yield was satisfactory, as 320 bushels per acre of 
marketable tubers were harvested. However, nearly half of the tubers 
showed an unusual condition of injur 3 A 

The injury consisted of newly made cracks, fairly deep into the tuber 
flesh and of unequal and indeterminate extent, often shaping into curious 
and fantastic fissures. There was no regular design in the rupture. The 
usual depth was J to f of an inch below the surface. Some tubers showed 
a single crack an inch or more in length and quite straight; some were 
curved on the surface immediately presented to view; while others followed 
around the tuber, virtually ringing it, as thoiigli the tuber were about to 
break in two pieces. The majority w^ere niiequalty radial, the cracks extend- 
ing ont from a central point in distorted star shapes. There were still 
other designs. "When freshly made, the openings were -white and gleaming 
within but soon became gray, as the surface dried and shrank. The injury 
was being caused in digging. The tubers in the ground were clean, bright, 
and free from cracks. The process of digging bumped them over the ele- 
vator of the digger, against each other, and finally out behind with a fall 
of a foot or more to the ground. The fall from the digger where one tuber 
struck another already on the ground was enough to cause the bursting and 
rupture of one or both of them. The soil -was a moist sandj^ loam, free 
from stones and clods, or the damage vrould have been greater. The 
process of picking, sorting, and sacking, all of which went on in the field 
soon after digging, added further damage. 

The condition of high turgidity and the resisting tension which the tuber 
offered could not be measured but could be illustrated. Upon pricking the 
surface wutli a sharply pointed knife to the depth of i inch the fissures 
would form instantly, some for a length of 2 inches or more. Tubers 
were found Which, on being once quickly stabbed with a pin, w^ould break 
out a star-shape rupture with radii as much as an inch long. Yet no 
tubers could be found that, on being carefully taken from the ground, 
showed any trace of rupture or indication of this tendency. 

A number of tubers were dug, taken to the laboratory in a closed ves- 
sel, brushed carefully to remove soil particles, and weighed. They were 
laid on a table freely exposed to the air. At 2-day intervals they w^ere 
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Teweiglied and two or more subjected to pricking with a knife or dropped 
a distance of 12 inches to the table. There was a gradual decline in weight 
and a corresponding diminution in the extent of the rupture. It was neces- 
vSary to discard ruptured tubers. At the end of 8 days no riiptiiriug 
occurred except on application of unusual and unwarranted violence. The 
few' remaining tubers, which appeared as sound and fresh as wlieii dug, 
were weighed. The weights are shown in table 1. 


TABLE 1. — The weights of 8 tuhers as dug in the field, the weights after air-drihng for 
8 days, the difference in grams, the percentage loss in weight 
for each tuber, and averages 


Tuber 

no. 

W'eiglit as dug 

Weight after 8 
days air drying 

Weight loss 

Weight loss 


Grams 

Grams 

Grams 

Ter cen t 

1 

521.65 

484.70 

36.95 

7.083 

2 1 

234.81 

! 213.41 

21.40 

9.113 

3 

231.95 

216.42 

15.53 

6.1)95 

4 

216.30 

208.37 

7.93 

3.666 

5 

186.32 

181.21 

5.11 

2.742 

6 

170.70 

1 158.90 

11.80 

6.912 

7 

110.22 

114.02 

5.20 

4.361 

8 

63.29 

60.00 

3.29 

5.198 

Average 

218.03 

204.63 

13.40 

6.145 


The day after digging began and 2 days prior to the call to the field, 
a 0.30 inch rain fell. Following the rain a moderate frost killed the tops 
of the vines. The large amount of 'water available to and taken up by the 
uninjured roots evidently was forced into the tubers. That they were 
unequally filled with water of turgeseence was indicated by the varying 
damage in the field and by the unequal shrinkage of the tubers weiglied and 
dried to the nonbursting point. The heavier tuber, weighing a pound or 
more, would be liable to greater damage than, the smaller one falling the 
same distance. The area of impact 'v\^ould be aboixt the same in each ease, 
but the falling weight behind it put a greater strain on the contact area 
of the larger potato. The larger tubers showed more damage than the 
smaller. The table sbow^s that of the few tubers reaching a final weight 
it was necessary for them to lose an average of 6.14 per cent of their weight 
as dug to be restored to an approximately normal condition. If the dried 
weight is regarded as the normal weight it would appear that an increase 
of approximately 6.5 per cent in weight due to excess water is possible 
without damage to the potato, except as the result of rough handling. 
Careful selection of individual tubers would materially raise this amount, 
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as would be indicated from the weight of tuber No. 2. With the deeliiie 
and death of the vines no doubt the tubers would have soon lost water to 
the point where they could have been dug with safety. Postponed digging 
would have controlled the trouble. 

The freshly exposed ruptured tissue began at once to dry and to form 
a covering of dried and collapsed cells. The open area exposed to air was 
^ to I of an inch deep. Callous tissue, however, formed more deeply, 
extending inch or more below the surface. This indicated that the 
deeper -lying tissues were wrenched and toini, though they were not visibly 
spread apart. The tissues at the surface of the tuber, probably inclusive 
between the apidermis and the vascular layer, seemed to restrain the rup- 
ture. The pressure appeared to exist only in the pith or below the vascular 
region. Cutting the tubers revealed no water-soaked areas within. All 
tissues were normal in appearance. 

No additional cases of injury equal to the one described have been 
observed. Small ruptures have been observed many times in irrigated 
potatoes, where the cracks have been i inch long or less and shallow. The 
usual result of these ruptures is the development of small pads of corky or 
callous tissue within the flesh. The former are soon lost to view. In the 
case described there was no opportunity for extended study. The potatoes 
were soon dug and moved. To attempt to duplicate the conditions experi- 
mentally would have been difficult, if not impossible, and, in view of the 
restiucted local damage, entirely unwarranted. 

405 Hilgard Ave., 

Los Angeles, Cal. 
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EESISTENCIA COMPAEATIVA A LA TILLETIA LEVIS KuHN, 
DEL TEIGO, EN LA AEGENTINA^ 

I]srG°. Age®. Baikundo Nieves^ 

OB JETO 

Se iniciaron estos ensayos eii 1928, eomo tarea preliminar de tiu vasto 
programa de investigacion, teiidiente a la creaeion de variedades de trigo 
muy resist entes a la caries (bimt), y de alto valor agricola-industrial. 

Es sabido que existen metodos de desinfsecion absolutamente efieaces 
para prevenir esta enfermedad y desde la aparieion de los metodos de cura- 
cion ^^en seeo^^ y de los polvos anticriptogamicos, puede decirse que la pro- 
filaxis de la caries es f acil, rapida y barata. 

No obstante, la desidia de muclios agricultores y mucbas veees la mala 
aplicacibn de los metodos curatives, hacen que esta enfermedad que pudiera 
extirparse del pais — asi eomo el carbon volador (loose smut) — por la sola y 
rigurosa aplicacibn de leyes profilacticas adecuadas, aparezea constante- 
mente, con mayor o menor intensidad segun regiones. 

Estas circunstancias, son las que quizas ban movido a afirmar, a investi- 
gadores tales eomo Gaines, Tisdale et al. y Tingey, que pese al continue 
mejoramiento de los metodos de euraeibn, no se ba logrado un control satis- 
factorio de la plaga en regiones trigueras muy afectadas y que se bace en- 
tonces necesario coneentrar esfuerzos, en la creaeion de variedades inmunes, 
ya que con su utilizacibn, se puede aleanzar tranquila y seguramente, lo que 
quizas no lograra el empleo de leyes conminatorias. 

DANOS 

Los per juicios que ocasiona la caries son de distinto orden : 

(1) Disminuye el rendimiento unitario del cereal; 

(2) Desvaloriza el producto; 

(3) Puede provocar incendios en las trilladoras. Diversos autores 
afirman, que la mayoria de las explosiones en las trilladoras se producen en 
la trilla de trigos muy carbonudos; 

1 Contribucion de la Eatacion Experimental de Gnatrache (Pampa Central), de la 
Direeeion General de Ensenanza y Fomento Agrieola, del Ministerio de Agricnltura de 
la Naeion, Eepnblica Argentina. 

2 Direetor de la Estaeion Experimental de Guatradie. 
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(4) Obliga a cambiar la semilla o al empleo forzoso d3 anticripto 
gainicos. 

A SH YQz, diclios perjuicios, varian eon el pais o regiones que se eoii- 
sideren, porqiie six distribxicion geografica j yirulencia, se bayaii imiy inflix- 
enciados por el climaj natxiraleza del siielo y caracteristicas biologieas de 
los trigos exiltivados. 

Dickson (11), establece qxie las perdidas son apreciables en Kansas, mi- 
entras qne en 'Wisconsin, la caries seria desconocida. Boei^ger (3), sin j)re- 
cisar el inonto de las j)erdidas sufridas por el Uruguay, establece que mi- 
entras la infeccion puede ser considerable en las siembras tempranas, llega 
a ser iiula en las siembras muy tardias que coinciden ademas con periodos 
Iluviosos. 

Gaines (17), estinia en 15 por ciento la perdida anual sobre los trigos de 
invierno en solo Los estados de Washington, Oregon e Idaho, representando 
la misma un x^alor de 10 inillones de dolares. 

Tingey (47), estima que las perdidas son muy grandes en los estados de 
las Rocky Mountains y cita que en 1925, treinta por ciento del trigo de LTtah 
e Idaho, era ‘‘ carbonudo.’ ’ 

Stevens y Hall (44), estableeen que la perdida anual en los EE.UIJ. por 
caries del trigo, es alrededor de 25 inillones de bushels, a la que debe agre- 
garse las perdidas por explosiones de trilladoras, estimadas en un millon 
de dolares en dos ahos. 

Marclial (30), la considera la enfermedad mas grave del trigo en Bel- 
gica y estima las perdidas en 5 por ciento del valor total de la cosecha. 

Delacroix 3 ^ Maublanc (10), tambien la consideran una enfermedad muy 
extendida en Prancia. 

Bn Alemania, constituye una enfermedad de importaneia eeonoiniea, j 
a juzgar por los ensayos de Roemer, que transcribe Gaines (19), existen en 
ese pais formas fisiologicas de Triticum tritici Bjerk. (Wint.) de extrema 
virulencia, a las que han sucumbido trigos considerados inmunes en Estados 
Unidos. 

En Palestina segun Reichert (40) liabrian formas fisiologicas especial- 
meiite viruleutas sobre los Triticum durum Desf. que en. cambio no afec- 
tarian mayormente a los T. vulgare. 

Algo semejante ha eonstatado recientemente Holton (23) en Minnesota, 
lo que le permitio afirniar, que las recientes epidemias de Caries sufridas 
por los T. durum, considerados generalmente muy resistentes a las Tilletias, 
en la ‘Giard red spring wheat area,” se deberian a la aparicion de una 
nueva forma fisiologica, introducida a la region, o producida ”in situ” por 
mutacion o hibridacion. 

En la Argentina no se ha realizado nna investigacion conipleta tendiente 
a preeisar las perdidas anuales por las Tilletias, iii se ha estableeido el area 
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de dispersion de las dos especies. Tampoeo se lian clasificado regiones de 
mayor o meixor virulencia, ni establecido la existencia de formas fisiologicas 
especializadas, realizandose solo esfuerzos aislados eii el examen de aspeetos 
particular es del problema. 

No obstante pnede afirmarse qtie en las regiones frias y eon llnvias me- 
dianas a escasas, como son La Pampa, San Lnis y el Oeste y Snd de Bnenos 
Aires, las perdidas son de consideraeion. 

Bn las regiones trigneras llnviosas : Santa Fe, Entre Eios, Cordoba, 
Norte y Este de Bnenos Aires, las Tilletias parecen no encontrar eondi- 
ciones mny propicias para sn evolucion, siendo en cambio mas eomnn y per- 
jndicial el IlsUlago iriiici (carbon volador) 

ANTECEDENTES EN LA LITERATURA AGRICOLA 

Investigaciones similares ban sido realizadas por Farrer (15 y 16), Dar- 
nelLSmitli (8) y MeAlpine (31), en Australia; per Tubeiif (49), Kircliner 
(29) y Heeke (22), en Alemania; por Vavilov (51) en Eusia; por Donkin 
(12) en Snd Africa; por Gaines (17), Tisdale et al. (48), Stakman, Lam- 
bert y Flor (43), Tingey (47), Brentzel y Smith (4), etc. en EE. UU. 

En nnestro pais, en 1928, Williamson (53) eomunico los resultados ob- 
tenidos en infeeciones experimentales en iin limitado nnmero de varie- 
dades. Brunini (5) en 1930, comnnica los resultados de los ensayos por el 
realizados en 1928 y 1929, con 12 trigos, todos ellos del grupo T. vulgare^ y 
eultivados extensamente en el sud de Buenos Aires. Con exeepcion del 
Kanred, las restantes 11 variedades son de habito primaveral o intermedio 
y se manifiestan muy susceptibles con promedios qne oscilaii entre 24 a 75 
por ciento. 

El Kanred se comporta como resistente, dando solo 12.2 por ciento de 
infeceion, como promedio de 5 repeticiones. 

MATERIAL 

Los trigos ensayados comprendian un total de 154 variedades pertene- 
eientes a 5 subespecies. De ellas, 84 son de habito invernal y 70 de habito 
primaveral o intermedio. Los cuadros 1 y 2, presentan el detalle. 

METODOS 

La seniilla se infecto poco antes de la siembra, eon esporos de Tilletia 
levis, cosechados el aho anterior sobre la variedad Tuzela. 

Se empleo un exceso de esporos, agitandolos con la semilla, dentro de un 
tamborcito durante 5 niinutos. Luego el polvo negruzco sobrante se elimi- 
naba por tamizaje y las semillas ennegreeidas se alojaron en sobres 
numerados. 
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Las siembras se efectnaron en pareelas corridas, a 15 x 15 cm. entre 
plantas y en 3 epoeas. Con excepcion de 58 variedades, en las restaiites 96, 
se obtnvieron de 160 a 180 plantas para cada iina. En el cuadro 3, se pre- 
sentan tabnladas, la distribueion de las pareelas en cada epoca, el nnmero 
de siembras indmdnales y el total de espigas examinadas. 

Las variedades Florence y Tuzela, elejidas como testigos, la primera 
por su resistencia y la segunda por sn enornie suseeptibilidad, se repitieron 
en to das Las epoeas y dentro de cada epoca en condiciones distintas. 


CTJAHRO 1. — Con la distribueion de las variedades por su origen y Tidhito 




Siembras en 




Abril-Mayo 

1 


Julio 


Variedades 

Habit 0 in- 
vernal 

Habito pri- 
maveral 

Habito in- 
vernal 

Habito pri- 
niaveral 

Totales 

Comuiies 

10 

4 


4 

18 

Be ‘ ^pedigree^' . 

15 

2 


6 

23 

Kiievos Mbridos 

13 



51 

64 

Nuevas L. p%iras 

42 


4 

3 

49 

To tales 

80 

6 

4 

64 

154 

OIJADBO 2.— 

-Con la distribueion de las variedades ensayadas, segun su> naturalesa 
genetica^ 


TEIGOS A 21 PARES DE CROMOSOMAS 




V. graecum Korn, (tipo : Sary Maghis) 

V. eryihrospermum (tipo; Kanred) 

V. ferrugineum ~KxiTi\. (typo: Becord) 

V. albidum Korn, (tipo: Florence) 

V. luiescens Korn, (tipo : TJlka) 

V. milturum Korn, (tipo: Buso pel6n) 

V. ioierinum Korn, (tipo : Ballod Cheg.) 

V. melanopus Korn, (tipo: Tebersnonska) 

V. coerulescens Korn, (tipo: Tchersnoostaia) 
V. liordeiforme Korn, (tipo; 45 b) 

V, erytJiromelan Kcirn. (tipo : Chargarod) 

V. pseudocervinum Korn, (tipo: Alaska) 

V. fuUginosum Zhk. (tipo: Fuliginoso) 

V. atraium Korn, (tipo: Black Winter) 


a La elasifieacion adoptada es la consignada por el professor N. I. Vavilov, Jefe del 
Institute de Botanica Aplicada y Mejoramiento de las Plantas, de Busia, en sus Studies 
on tlie Origin of Cultivated Plants^' Leningrado, 1926. 


T. milgare Till. 
143 vai’S. 


T. compactum Host. 
2 vars. 

Y. durum Besf. 

6 vars. 

T. Turgidum L. 

1 var. 

T. persicum Vav. 

1 var. 

T. dicoccum Sehubl. 
1 var. 
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CTJADRO 3 . — Presentando la distri'b'LLoidn de las parcelas en eada epoca de sieTnbra, 
el numero de sie^ntras individuales, y el total de espigas examinadas 


Feeha de 
siembra 

Numer o de 
pareelas 

Numero de 
variedades 

Numero de 
siembras 

Plantas por 
variedad 

Numero de 
espigas 

Abril 30 

62 

28 

4,960 

150 

13,446 

c c 

21 

14 

840 

40 

2,517 

Mayo 5 

47 

44 

1,880 

40 

13,455 

Julio 17 

68 

68 

12,240 

180 

29,776 

Totales 

198 

154 

19,920 


59,194 


Se considero cnidadosamente, el regimen climaterico durante la ger- 
minacion (estas observaciones las hemos comnnicado en otro trabajo, 34). 

A1 verifiearse el recuento de las espigas enfermas se observe el eriterio, 
que nna sola espigneta infeetada bastaba para considerar en ese estado a 
toda la espiga. Este eriterio riguroso solo abulta los porcentajes en las 
variedades mny resistentes, qne son las qne generalmente presentan espigas 
en esas condiciones. 

Los porcentajes dados en las planillas qne se acompanan expresan la 
proporeion de espigas enfermas sobre el total. No se considero el por- 
centaje en ^^plantas infectadas/’ ni el porcentaje de “infeccion individ- 
ual/' tal como los presentan Gaines (17) j nosotros en otros trabajos (34 
y36). 

Adveriencia . — ^Los resnltados aqni comnnieados se obtnvieron en 1928. 

En 1929, repetimos estos ensayos, pero la terrible seqnia qne aflijio La 
Pampa, ese ano, termino eon ellos. 

En 1930, se lian vuelto a repetir, multiplieando el numero de repeti- 
cioiies y el de variedades bajo control. 

El deseo de no demorar mas la publieidad de resnltados qne coneep- 
tuamos interesantes, por tratarse del primer ensayo realizado en gran escala 
en la Argentina, jnstiflea sn presentacion en este momento. 

RESULTADOS 

(I) Infiuencia sol)re la infeccion, de la iemperatura y liumedad durante 
la germinacion. Bus relaoiones con las epocas de siemlfra . — -Como la tem- 
peratnra y bnmedad durante la germinacion, se bayan estrecliamente vin- 
cnladas, al regimen climaterico del mes en qne se efectna la siembra, 
^‘prima facie," podemos referir la variabilidad de la infeccion, como vari- 
able dependiente de la epoca de siembra. 

En ese sentido, en otro trabajo (34) y aprovecbando las cifras de estos 
ensayos, llegamos a la conclusion : 
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CUADRO 4 . — Con la lista clasificada de las variedades y porceniajes de infeocion, en el 
lote No. 1, de las siemhi^as de Abril 30 de 1928 


Variedad 

Katuraleza 

Clasificacion 

Total 

espigaa 

Espigas 
‘ q^ariadas ’ ’ 

Poreentajes 

Plorence 

L. Pura H. 

B.SMD.P. 

228 

18 

7.8 

c c 

f ( 

f c 

345 

25 

7.2 

( c 

( c 

( : 

223 

11 

4.9 

Lin Calel 

L. Pura 

C.H.I. 

316 

298 

94.3 

Marquis 

L. Pura H. 


354 

217 

S1.3 

Rnso Pelon 

Sel. Masai 

( c 

450 

430 

95.5 

e i 

( : 

( c 

433 

389 

89.8 

Hibrido de Kalt 

L. Pura H. 

C.SMD.P. 

183 

93 

50.8 

i C 

c c 

C ( 

170 

76 

44.8 

Kansas 

Sel. Masai 

C.D.I. 

446 

105 

23.5 

1 1 

{ < 

c c 

380 

51 

13.4 

Rusd Ai'istado 

e c 

( ( 

413 

403 

97.5 

C i 

C ( 

i ( 

337 

326 

96.8 

Era 

L. Pura H. 

C.SMD.I.P. 

242 

125 

51.(5 

i i 

c c 

i ( 

248 

117 

47.1 

PrincipB de Gales 

c c 

( i 

242 

134 

55.3 

i ( 

C ( 

( ( 

173 

101 

58.4 

Maravilla 

i < 

( ( 

284 

271 

95.4 

{ c 

i i 

( ( 

255 

233 

91.3 

Williamson 

L. Pura 

C.D.I. 

- 481 

381 

79.2 

( c 

i i 

( ( 

377 

262 

69.4 

Pelon Colorado 

Sel. Masai 

C.D.I.P. 

417 

354 

84.8 


El Marquis es eonsiderado en el Canada y EE.XJU., un trigo de Primavera. Como 
en miestra region, se comporta como trigo de liabito invernal, lo lienios clasificado en 
esa categoria. 


quo el maximiiii de condiciones faYorables a la infeccion, pareee 
registrarse en las siembras otonales de los trigos de iiiviemo- — eii 
Abril j Mayo — sieiido interesaiite constatar que Tingey (1. e.)j 
llega a las mismas conelusiones en siis investigaeiones en Utah. 

Analizando miniiciosameiite el problema, se Ye que los factores que irias 
infliiencian la inf e cion embrionaria son: la temperatura y la huniedad. 
Bstudiando estos puntos en la comunicacion antes citada, llegamos a las 
siguieiites conelusiones : 

1) que las iiifeeciones menores se registran cuando el trigo germina a 
temperatiiras inuy bajas (6 a 7 grades C.) regimen terniometrico 
que en la region se tiene en los meses de Junio y Julio ; 

2) que las may ores iiifeeciones se verifican, cuando el trigo germina en 
un suelo que se va deseeando progresiYamente, por faltar el aporte 
de nueYas IluYias. 
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CTJADRO 4. — {Coniinuacwn) 


Yariedad 

Naturaleza 

Clasifieacioii 

Total 

espigas 

Espigas 
‘ ‘ cariadas ’ ^ 

Porceiitajes 

Pelon Colorado 

SeL Masai 

£ C 

271 

184 

67.9 

C i 

£ £ 

C.B.I.P. 

271 

184 

67.9 

E:-08-26 

L. Para 

C.D.I. 

340 

174 

51.2 

i ( 

( £ 

£ £ 

22D 

108 

49.0 

K:-02~26 

£ £ 

£ £ 

356 

105 

29.5 

£ £ 

£ £ 

£ £ 

311 

70 

22.6 

K-016-26 

£ £ 

f £ 

423 

53 

12.5 

£ £ 

£ £ 

£ £ 

417 

22 

5.3 

K-012-26 

£ £ 

£ £ 

383 

14 

3.6 

£ £ 

C £ 

£ £ 

298 

5 

1.7 

K;-09-26 

£ £ 

£ £ 

430 

45 

10.2 

£ ( 

t ( 

£ £ 

320 

38 

11.5 

K-04-25 

£ £ 

£ £ 

3S1 

20 

5.5 

K-03-28 

£ £ 

£ £ 

396 

12 

3.0 

K-010-23 

£ £ 

£ £ 

416 

59 

14.2 

B X R-C 

L. Para H. 

C.SMD.IP. 

382 

228 

59.7 

Alaska 

Sel. Masai 

B.B.P. 

99 

56 

56.5 

Pag ad or 

L. Para H. 

C.SMD.IP. 

161 

7B 

' 47.2 

Kota 

Sel. Masai 

C.SMD.I. 

170 

155 

91.1 

K-01-28 

L. Para 

C.D.I. 

355 

4 

1.1 

Kaiired 

£ £ 

£ £ 

322 

106 

32.9 


CTJADRO 5 . — Con la lista clasificada de las variedades y 'porcentajes de infeceion g7i el 




lots No. 2, de 

las siemhi’os 

de Airil 30 

de 19B8 


Yariedad 

Nataraleza 

Clasidcaeion 

Total 

espigas 

Espigas 
^ ^ cariaSas ^ ^ 

Poreentajes 

Plorenee 

L. Para H. 

B.SMD.P. 

125 

17 

13.6 

£ £ 


£ £ 

£ £ 

114 

7 

6.1 

£ £ 


£ £ 

£ £ 

138 

5 

3.6 

Tuzela 


Sel. Masai 

C.SMD.IP. 

109 

100 

91.8 

£ £ 


£ i 

£ £ 

127 

118 

93.0 

Szekacs 1055 

(B X E-C) X Kan- 

L. Para H. 

C.D.I. 

116 

5 

4.3 

red 

Sel. 2 

£ £ 

£ £ 

121 

54 

44.7 

£ £ 

3 

£ £ 

£ £ 

199 

109 

54.7 

£ £ 

4 

£ £ 

£ £ 

194 

135 

69.5 

£ £ 

5 

£ £ 

£ £ 

139 

120 

86,9 

£ £ 

10 

£ £ 

{ £ 

187 

101 

54.0 

£ £ 

15 

£ £ 

£ £ 

194 

171 

88.1 

£ £ 

'' 20 

£ £ 

£ £ 

173 

131 

75.7 

£ £ 

21 

£ £ 

£ C 

128 

84 

65.6 

C £ 

“ 22 

£ £ 

£ C 

112 

56 

50.0 

Szekaes 266 

£ £ 

£ £ 

100 

11 

11.0 

c c 

304 

£ £ 

£ £ 

104 

9 

8.6 

£ £ 

319 

£ £ 

£ C 

137 

116 

84.6 
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Asi tenemos p. e., que el trigo Florence sembrado en Abril, reeibiendo 
durante la germinacion, 6 mm. de agua, dio una infeeeion de 7.2 por ciento 
como promedio de 6 repetieiones y sembrado en Mayo, sin llnvias durante 
la germinacion, did una infeeeion de 17.5 por ciento eomo promedio de 3 
repetieiones (Yer euadros 4, 5 y 6). 

CUABEO 6 . — Con la lista clasiiicada de las variedades y porcentajes de infeeeion en el 
lote No. i, de las siemhras de Mayo 5 de 19B8 


Variedad 

ISTaturaleza 

Clasifieaeion 

Total 

espigas 

Espigas 
^ ‘ cariadas 

Plorenee 

L. Pura H. 

B.SMB.P 

285 

61 

i c 

C ( 

£ £ 

261 

45 

f ^ 

t < 

( C 

379 

52 

^^117^’ S 1 

( c 

C.SMB.IP 

180 

100 

‘‘117^' S 2 : 

( c 

£ £ 

172 

127 

^^17^' S 5 

C ( 

£ £ 

177 

85 

'^17^' S 7 

{ t 

C £ 

106 

65 

^‘117’^ S 8 

1 c 

£ £ 

185 

62 

Puliginoso 

Sel. Masai 

C.SMB.P 

79 

10 

BelDsiornaia 

( e 

B.SMD.IP. 

315 

276 

Sary Maghis 

( { 

B.SMB.IP. 

159 

137 

Ulka 

( e 

C.B.I. 

283 

157 

Tcliersnonska 

c < 

B.B.P. 

72 

17 

Tcliersnoostaia 

( ( 

( i 

132 

4 

Saratov 41082 

C ( 

C.B.IP. 

123 

93 

K-0279-26 

L. Pura 

C.B.I. 

260 

103 

K;-0375-IV-27 

C ( 

£ £ 

451 

143 

K:-0375-V-27 

i ( 

£ t 

380 

69 

K-03 75-1-27 

< ( 

£ £ 

447 

180 

K-03 75-11-27 

i c 

£ ( 

283 

98 

K-0375-VI-27 

t < 

£ £ 

282 

118 

B:-042-I-27 

i i 

£ £ 

311 

104 

K-042~II-27 

< ( 

£ £ 

460 

157 

K:-042-V-27 

C i 

£ £ 

357 

166 

K-04-5V-27 

( ( 

£ £ 

614 

194 

K-04-II-27 

( ( 

£ C 

354 

187 

K-04-YII-27 

( c 

£ C 

338 

169 

K-04-III~27 

i ( 

£ C 

321 

223 

K-04-I~27 

( i 

£ C 

396 

229 

K-04-Y-27 

£ £ 

£ C 

367 

211 

K-04-VI-27 

£ £ 

£ £ 

367 

250 

K-04^26 

£ 1 

£ £ 

491 

234 

K-04D-II-27 

£ ( 

£ £ 

375 

107 

K-040-I-27 

{ f 

£ £ 

437 

77 

K-Oe 0-1-27 

i i 

£ £ 

452 

116 

K-038-26 

£ t 

£ £ 

426 

344 

Kansas 5 

£ £ 

£ £ 

292 

34 

4 

£ i 

£ £ 

343 

82 

Bailed 5 

£ £ 

C.B.IP. 

280 

261 

3 

£ £ 

( £ 

338 

311 

K-02-28 

£ £ 

C.B.I. 

305 

71 

Tuzela 

Sal. Masai 

C.SMBJP. 

280 

274 

103/16-B3 BG 

L. Pura 

f £ 

201 

137 

313x B77 B.G 

£ £ 

£ £ 

196 

177 

X 51 D.G 

£ £ 

£ £ 

46 

45 

Ill a 2020 B.G. 

£ £ 

C.SMB.P. 

97 

92 

XIII a i B.G 

£ £ 

i £ 




Porcentajes 


21.5 

17.3 

13.7 

55.5 

73.8 

48.1 

61.4 

33.5 

12.7 

87.6 

86.1 

55.4 

23.7 
3.3 

75.6 

39.6 

31.7 

15.1 

40.3 

34.6 

41.9 

33.5 

34.2 

46.5 

31.5 

52.8 
5D.[) 

69.5 

57.9 

57.5 

68.1 

47.7 

28.6 

17.6 

25.6 

80.2 

11.7 

24.0 

93.3 

92.1 

23.3 

97.7 

68.2 

90.4 

97.9 

94.9 
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CUADRO 7, — Con la lista clasificada de las variedades y porcentajes de infeecion en las 
siemltras del lots No. 1, de Julio 17 de 1928 


Yariedad 

Naturaleza 

Clasifieacion 

Total 

espigas 

Espigas 
^ ^ eariadas ’ ’ 

Porcentajes 

Barletta Campeoii 

Sel. Masai 

C.SMD.P. 

433 

367 

84.7 

Rad Boba 

L. Pura H. 

{ c 

358 

237 

66.3' 

Universal I 

L. Pura 

c t 

454 

324 

71.3 

Eeeord Sel. 1928... 

L. Pura H. 

c 1 

423 

343 

81.2 

^'38'' M.A. Back. 
Dev 

( c 

c c 

182 

78 

43.0 

'aiO’'M.A.Back. 
Dev. 

( ( 

( i 

302 

213 

70.5 

IV e 3 (17) 0 

Klein 

c t 

i i 

202 

56 

27.8 

XIII t 1 Klein 

( c 

( 1 

375 

63 

16.8 

H 26 b Klein 

( < 

C { 

397 

85 

21.5 

H 51 Klein 

c c 

i c 

282 

107 

38.0 

lY € 390 J Klein ... 

1 i 

c c 

238 

104 

43.7 

H 28 a Klein 

( ( 

C i 

455 

167 

36.8 

H 52 Klein 

( c 

( ( 

437 

46 

10.6 

in a 123 IFLB 

i { 

C ( 

365 

313 

85.7 

Ill a 21 (m III, 
IV) IFLB 

e i 

e ( 

352 

281 

79.9 

IV e (1002, 1006, 
1007) IPLE 

i i 

i c 

235 

94 

40.0 

1149 IDLE 

< ( 

e c 

229 

109 

47.6 

Ill a 23 (m 11) 
IFLB 

c c 

C i 

399 

329 

82.5 

Ill a 23 (m III) 


i i 

363 

288 

79.4 

IV e 100 IFLE 

< i 

i ( 

285 

49 

17.2 

Ill a 12 IFLE 

i i 

i t 

376 

337 

89.7 

A £ d 3 IDLE 

i 1 

B.D.P. 

415 

38 

9.2 

Ill a 23 (m y) 
IFLE 

i c 

C.SMD.P. 

358 

331 

92.5 

lY c 1001, 1004 
IDLE 

t i 

( 1 

79 

41 

51.9 

Ill a 21 (m II) 
IFLE 

i c 

i c 

266 

222 

83.4 

IV^ e 1003111 
IFLE 

( ( 

( t 

113 

38 

33.7 

45 b IFLE 

( ( 

B.D.P. 

211 

2 

0.95 

lY y IFLE 

L. Pura 

i c 

209 

107 

51.4 

Ill a 2620 IFLE .. 

L. Pura H. 

C.SMD.P. 

297 

273 

91.9 

313xB77 

( 1 

: C 

335 

268 

80.3 

61 

313xB77 

C { 

( c 

358 

271 

75.7 

XIII e i D.G 

C 1 

t i 

247 

145 

58.7 

XIII a i D.G 

{ { 

c t 

143 

118 

82.6' 

313 X Bless 62 A 
D.G 

c c 

1 c 

423 

316 

74.8 

X 51 D.G 

C ( 

( c 

252 

180 

71.5 

ReEord 1925 

C i 

c c 

329 

283 

86.0 

Cliileno 

Sel. Masai 

B.D.P. 

113 

24 

21.3 

Chargarod 

C ( 

c ( 

134 

17 

12.7 
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CUADEO 8. — Co?i la Usta clasificada de las variedades y porceniajes de infeccion, en las 
sieml} 7 'as del lote No. 2, de Julio 17 de 1928 


Yariedad 


Katuraleza 

Clasifiea- 

cion 

Total 

espigas 

Espigas 
‘ ‘ eai'i- 
adas ^ ’ 

PoreGn- 

tajes 

Kanrecl x ITiiiversal II 

148 D.G. 

L. Pura H. 

C.SMD.IP 

406 

38 

9.35 

f f ' i { 

188 " 

££ 

£ £ 

501 

412 

82.2 

i i ft 

166 

£ £ 

£ £ 

507 

70 

14.9 

f C ( i 

134 

£ £ 

£ f 

580 

98 

16.9 

C C Cl 

143 “ 

£ £ 

£ £ 

384 

82 

21.4 

c e c c 

133 

£ £ 

£ £ 

526 

147 

28.0 

i e ( c 

130 

£ £ 

£ £ 

740 

310 

41.9 

( ( i i 

137 '' 

£ £ 

£ £ 

665 

186 

27.9 

Kanred 110 F. Pico D.e. 


L. Pura 

£ £ 

338 

57 

16.9 

89/26-85 D.G. 

£ £ 

£ £ 

£ £ 

455 

372 

81.7 

Vencedor x Lin Calel 

161 

L. Pura H. 

£ £ 

630 

374 

59.4 

li ( e 

153 

£ £ 

£ £ 

637 

263 

41.4 

t c c c 

157 “ 

£ £ 

£ £ 

624 

107 

17.1 

(1 f £ 

160 

£ £ 

£ £ 

708 

186 

26.3 

Cl £ £ 

172 

£ £ 

£ £ 

623 

512 

82.2 

ll Cl 

179 

£ £ 

£ £ 

707 

421 

59.6 

ll £ £ 

184 

£ £ 

£ £ 

738 

576 

78.0 

Yeiicedor x Kanred 

185 

£ £ 

£ £ 

737 

337 

45.7 

li £ £ 

185/AD.G. 

£ £ 

f £ 

618 

30 

4.9 

£ £ £ £ 

203 D.G. 

£ £ 

£ £ 

779 

. 167 

21.4 

a 1 1 

194/A D.G. 

£ £ 

£ £ 

786 

351 

44.7 

£ £ £ £ 

198 D.G. 

££ 

£ £ 

596 

144 

24.1 

£ £ £ £ 

196 

£ £ 

£ £ 

658 

337 

51.3 

£ £ £ £ 

187 

£ £ 

£ £ 

585 

214 

36.5 

£ £ f £ 

194 '' 

£ £ 

£ £ 

695 

413 

59.4 

80 G 17 158 Hib. Natural.D.G. 

£ £ 

£ £ 

746 

128 

17.2 

80 010-3-172 ■ 

£ £ 

£ £ 

£ £ 

559 

419 

75.0 

183 0146/25 Kansas 

£ £ 

L. Pura 

£ £ 

667 

1 

0.15 

75/26-86 Kansas 

£ £ 

£ £ 

f f 

727 

2 

0.27 

170-147 /25 Kiiso 

£ £ 

£ £ 

£ £ 

430 

74 

17.3 


Abreviatiiras 


C.D.I. 

C.D.P. 

G.SMDJ. 

C. SMD.P. 
aSMD.IP. 
B.SMD.P. 
B.B.P. 

L. Pura 

L. Pura H. 
Sel Masai 
IPLE 

D. G. 

M. A. 

K. 


Colorado, duro de Iiivierno. 

^ ‘ ‘ ‘ Primavera. 

'' semiclura de Invierno. 

Primavera. 

Invierno y Primavera. 
blaiieo, seiniduro de Primavera. 
blando 

■liiiea pura de '^^popblacmn. 

^‘hibrido.^^ 

Seleccion Masai. 

Institiito Fitotenico de La Estanzuela. 
Division de Genetica. 

Miiiisterio de Agriciiltura de la Kacioii. 
Kansas. 
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Un caso notablemente confirmativo de esta eonchision, lo liemos teiiido 
el ultimo ano. En efecto, resiilto que dado el fracaso de un ensayo de anti- 
criptogamicos, que sembrado eu Abril — a pleiio eampo no llego a germinar 
por la seqiiia extraordinaria que sufrimos en 1929, repetimos este ensayo en 
otro lugar, sembrando en Julio, en tierra tambien niuy seea, que fue 
neeesario regar continuamente liasta lograr una germiuaeioii pareja en 
todas las parcelas. Cosecliados los ensayos oportunamente, nos encontramos 
con que el Testigo Infectado, solo daba una infeeeion de 8.4 por ciento 
sobre 395 plantas bajo control. 

La variedad usada en estas pruebas, es la Record Klein S. V. 1925, 
variedad euya gran susceptibilidad a las infeeciones experimentales, tal 
como nosotros las realizamos, la liemos establecido en repetidas ocasiones. 
Asi tenemos que el Record Klein, el ano 1928, en eultivos comunes — no 
irrigados — nos dio los siguientes guarismos: 

Record S. V. 1928 81.2 por ciento 

‘‘ 1925 86.0 

t ( < c i ( 864 '^ 

Promedio 84.5 


Todavia mas. Una serie de 8 descendeneias de la linea genetica, III a 
0 Artigas, el liomologo uruguayo de nuestro Record, nos da los siguientes 
va] ores : 

Descendencia de III, A. 

83.4 por ciento 

i ( 

( < 

(ver cuadro 7) 

C ( 

1 1 
( ( 
t c 


t ( 

De manera que no cabe dudar de la gran susceptibilidad fisiologica del 
Record Klein, a la caries. 

Y entonces como interpretar su comportamiento en 1929, que lo iii- 
cluiria entre las variedades fisiologicaniente niuy resisteiites, siiio tuviera- 
in os los antecedent es que eitamos? 

Como la casi totalidad de las condiciones experimentales, lian perma- 
necido constantes en los ensayos de 1928 y 1929, es indudable entonces, la 
influencia decisiva del agua de riego, que le liemos prodigado durante la 
germinacion, la que actuando como lluvias de poco milimetraje pero casi 


85.7 

79.9 
82,5 

79.4 

89.7 

92.5 

91.9 


Pr. 85.6 
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diarias, laan ereado el amloiente desfavorable para la infeccion, que ya 
otros aiitores le r3Conocen, a las tierras saturadas de agua por lliivias 
repetidas: Boerger (3), Woolman y Humplirey (54). 

(II) Comporiamienio segun los caracteres filogeneticos de los grupos o 
siibespecies. En el cnadro 2, de este trabajo, expoiiemos la lista de las 
subespecies que hemos ensayado, clasificadas seguu sus caracteres gencticos 
y morf ologicos, conforme a la clasificacion de Vayilov. 

En el cuadro 9 que acompanamos, liemos agrupado eiertas Yariedades 
de Tfiiiciim vulgare y todas las demas de las otras subespecies, a los efeetos 
de faeilitar una Yision rapida del conjunto. 

El cotejo de los diYersos promedios, permite llegar a las siguieiites con- 
clusiones : 

1) que de uu mode general, los trigos a 14 pares de cromosoinas, pre- 
sentan mayor resistencia media que los trigos a 21 pares de eromo- 
somas (con excepcion del grupo de los ‘‘bard red winter con- 
firmando las obserYaciones de VaviloY (51), PerciYal (38), Tisdale 
(48) y otros autores. 

2) que la subespeeie TriUmm vulgare^ presenta la Yariabilidod mas ex- 
traordinaria en lo que respecta al comportamiento de sus Yariedades 
a la infeceion por Tilletia, siendo interesante coiistatar que Tapke 
(46) llega al mismo resultado, en sus ultimas iiiYestigaciones sobre 
el carbon Yolador {U. iritici). 

Debemos destacar que la primera conclusion, no tiene valor de general- 
izacion en nuestros ensayos, pues solamente bemos testado, oclio Yariedades 
a 14 pares de cromosomas, las que dan un promedio general de 17.5 por 
ciento, con valores limites de 0.9 a 56.5 por ciento. 

Es probable que trabajando con un gran numero de Yariedades y con 
diversas coleceiones de Tilletias, se encuentre en este grupo, taiita Yariabili- 
dad en la resistencia, como en el grupo de los Triticum v^dgare. 

Pese a que autores tan eniinentes como VaYilov, Percival, Sax y Stak- 
man, ban creido reconocer en este grupo, una resistencia general a las en- 
ferniedades, que Yineulaban a su peculiar estructura genetiea, dia a dia 
esta conclusion ba ido perdiendo su consistencia, en virtue! de las niievas 
experieneias realizadas. Liniitandonos a lo referente a las Tilletias, ya en 
el trabajo relataclo por Tisdale (1. c.), puede verse que ciertos T. durum. 
son siisceptibles de infeeciones pesadisimas, (basta 92.7 por ciento en la 
variedacl Maroiiaiii C. I. 2235), con la coleccion de T. triiici usada en Davis 
(California) . 

Brentzel y Smith (4), en experinientos eondneidos en Fargo y Dickin- 
son (North Dakota) , enenentran que alli, los Tritimm chirum^ son un 100 
por ciento mas susceptibles a la Tilletia iritici que a la T. levis^ niientras 
que los “bard red spring wheats,” j^resentan la reaceion opuesta. 
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CXJADEO 9.~~Mostrando la suscepUMlidad a la. carieSj segun los caracteres filogeneticos 
de las subespecies y su Tiabiio de vida. 

Tritioum vulgar e 


Yariedades de Invierno Yariedades de Primavera 


Lin Calel 

94.3 por ciento 

B arietta 


Kanred 

32.9 

Universal I 

....... 71.3 '' 

Ruao mutieo 

95,5 

Record 1928 

81.2 '' 

Euso aristado 

97.1 

^^38’' M.A 

43.0 

Pel6ii Colorado 

76.3 '' 

"110” M.A 

70.5 ” " 

Tuzela 

92.4 



Kansas 

18.4 

Promedio 

70.1 por ciento 

Williamson 

74.3 '' '' 



Promedio 

72.6 por ciento 



Excluyendo Kanred y Kan- 



sas, el promedio asciende 



a 

83.3 por ciento 



Nuevas variedades de Invierno 

Nuevas variedades de Primavera 

K-016-26, Cheg .... 

8.9 por ciento 

XIII t 1 Klein 

16.8 por ciento 

K-012-26^ 

2.6 

H 26 h 

21.5 ‘ ' ^ 

K- 09-26, 

10.8 

IV e 390i " 

43.7 

K- 03-26, ^ ^ 

3.0 

H 28 d 

36.8 

K- 01-28, ' ' 

1.1 

H 52 " 

10.6 

Szekacs 1055 

4.3 

H 51 

38.0 

260 

11.0 '' 



304.. 

8.6 

Promedio 

27.9 por ciento 

146-183- e D.G 

0.15 “ “ 



75/26-86 D.G. 

0.27 



Promedio 

5.07 por ciento 




Triticum 

compactum 



Ballod 5, Cheg 




3, 

92.1 



Promedio 

92.7 por ciento 



Triticum durum Desf. 



Tcliersnouska 

23.7 por ciento 



Tchernoostaia 

3.0 '' 



A c d 3 IFLB 

9.2 



45 Id “ 

0.9 '' 



Chileno 

21.3 " " 



Chargarod - 

12.7 " “ 



Triticum persicum Yav. 



Puliginosum 

12.7 por ciento 



Triticum turgidum L. 



Alaska - 

56.5 por ciento 
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Eeichert (1. c), encuentra que en Palestina, los Tritioum durum son 
normalmente mas atacados por la Tilletia de esa region que los Triticum 
vulgarCj lo que hace presumir la existencia de formas fisiologicas espeeial- 
mente virulentas sobre los T. durum. 

Eecientemente Holton (1. c.), ba demostrado que una coleccion de Til- 
letia tritici de Devils Lake (North Dakota), era extremandainente virulenta 
sobre los Triticum durum^ comunmente cultivados en esa regi()n, mientras 
que ciertas variedades a 21 pares de cromosomas como el Marqxiis, Mar- 
quillo, 7 Hope, permaneeian practicamente inmunes. Indudablemente lo 
qiie ha eomplicado notablemente estas investigaciones, ha sido la existencia 
de formas fisiologicas especializadas en ambas Tilletias. 

Probablemente en un future proximo, nuevas investigaciones debili- 
taran cada vez mas las conclusiones de Vavilov (1. 51), sobre interrelaciones, 
de la inmunidad con la naturaleza filogenetica de las subespecies, a las que 
no obstante debe reconocerse el servicio inapreciable que han prestado a la 
investigacion, eomo ^‘hipotesis de trabajo. ’’ 

(III) Comport amiento de los Triticum vulgare. En primer termino, 
lo que llama la atencion, es la variahilidad extraordinaria, de la resistencia 
de sus variedades y ‘^pequenas especies’^ (lineas puras en el concepto de 
Johannsen). 

Se tiene toda la gama, desde la enorme susceptibilidad revelada por un 
Euso aristado, Tuzela o Lin Calel, con porcentajes de 100 por eiento de in- 
feccion ‘^en plantas’’ y 95 a 98 por eiento ^'en espigas,” a la resistencia 
rayana en la inmunidad, de las nuevas lineas genetieas 116-183 c D. G. ; 
K-01-28 Cheg j etc., con valores hasta de 0.15 por eiento, 

Por otra parte interesa constatar, que el mayor numero de ‘‘formas 
nuevas muy resistentes” se eneontraron en un sub-grupo de trigos aristados, 
a es23iga laxa y blanca, de habito invernal y especialmente adaptados a vivir 
en regiones frias y secas, [Triticum v%clgare v. eryilirospermum) . 

Este subgrupo esta constituido por trigos de invierno de Hungria 
[Szekacs Winter Weizen), lineas puras de Kansas de nuestra experimenta- 
cion y lineas puras de Kansas de la Division de Grenetiea Vegetal. 

Es conveniente haeer notar que dichas lineas puras de Kansas, pro- 
eeden de un material ensayado por Backhouse (2), en 1916, que se trataba 
sin duda, de alguiias de las seleceiones que segun Jardine, (27) fueron 
aisladas por H. P. Eoberts, del Crimean C. I. 1435, que dio como resultado 
la creacion del Kanred (ex- P-762), (6). 

Dicho Crimean C. I. 1435, es un trigo Colorado de Invierno y segiin 
Clark (6), fue importado a Estados Unidos, en 1900, procedente de Am- 
braeievka, Territorio del Don (Eusia). (De un punto muy proximo a 
Ambraeievka seria oriundo el Turkey, variedad muy difundida en Estados 
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Unidos, que en las pruebas de Gaines (17), did solo 1.8 por ciento de infec- 
Q.i6n or Tilletia t fit ici) . 

Es interesante referirnos al comun y primitivo origen geograflco del 
Kanred y nuestras lineas pur as, por cuanto ademas de su resistencia al frio 
y a la seca, una comun resistencia a las enfermedades las identifiea. 

Ya nos hemos referido a la inmnnidad del Kanred con respeeto a 11 
formas fisiologicas de Puccinia graminis tritici Eriks, and Henn. (32), y 
agregaremos que Kiesselbaeh y Peltier (29), estudiando 578 seleceiones de 
Crimean C. I. 1435, encontraron nn grupo de seleceiones mas resistentes 
que el Kanred o inmunes a nuevas formas fisiologicas a las que el Kanred 
era susceptible. 

Ya bemos visto en el cuadro 9, coino se comportan algunas de nuestras 
lineas muy resistentes, y la enorme diferenciacion fisiologica que revelan 
al cote j arias con otras estirpes geneticas regionales, tales como el Lin Calel 
M. A., 0 el Williamson. 

No se crea que todas las lineas de Kansas, son tan resistentes como las 
mencionadas. Dentro de una resistencia proxima a la del Kanred (30 a 40 
por ciento), se agrupa la mayoria de las lineas restantes, presentandose 
como una excepeion la linea K-038-26, Cbeg con una infeccion de 80.2 por 
ciento. 

Debe llamarnos la atencion que casi todas estas variedades muy resis- 
tentes, pertenezcan a un mismo tipo biologico [Triticum vulgare v. ery- 
throspermum) , y que mucbas de ellas tengan la misma cuna geografica. 
(No debe olvidarse sin embargo que tipos muy resistentes, tambien los bay 
en T. vulgare v, alhidum ej. Florence; en T. vulgare v. ferrugineum ej. 
K-09-26 Cbeg. — TJna linea de T. vulgare v. milturum^ la M-0274 de la 
Estacion Experimental de Odessa, tambien ba side senalada como inmune 
por Talanoft* (45). Una estirpe fisiologicamente inmune puede citarse para 
T, eompaetum v. ImmiboldtUy merced al nuevo bibrido de Gaines, el Albit 
C. I. 8275 (Hibrido 128xWbite Odessa), (7 y 18). 

Anteriormente bemos afirmado que en las regiones frias y secas, como el 
S. E. de la Panipa, se tendrian las condieiones mas favorables para la 
produccioii de fuertes infecciones, confirmando nuestra conclusion, ob- 
servaciones analogas de Tingey (1. e.) en Nebraska, Dickson (1. e.) en 
Kansas, y Tisdale et al. (1. c.), en los estados norte americanos de la costa 
del Paeifico. 

Es indudable que la Crimea rusa tiene grandes similitudes agrologicas 
y climatericas con el Oeste de Kansas y La Pampa — buena prueba de ello, 
es que sus tipos biologicos se adaptan perfectamente a estas ultimas regiones 
— j que las condieiones del ambiente son muy favorables a la infeccion por 


caries. 
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Como entre siis tipos indigenas de trigo, pneden aislarse estirpes alta- 
mente resistentes, la logica nos llevaria a enunciar la signieiite conclusion : 
qiie ciianto mas favorables a la infeeeion son las condiciones clima- 
tericas y agrologicas de iina region, mayores son las proloabilidades 
de encontrar entre las viejas razas antoetonas, estirpes altamente 
resistentes. 

Esta con elusion seria eoneorde con las ideas de Nilssoii-Elile (37), sobre 
la adaptacion. 

(lY) Comporiamiento del T. perdc%m. Por ser nna subespecie poco 
eonoeida nos detendremos brevemente, eonsignando los dates mas recientes 
y antorizados sobre la misma. 

Es nna niieva espeeie establecida bace pocos anos por Yavilov (51). 
Zbnkowsky (55), y Atabekova (1), ban clasificado nnmerosas variedades 
de esta '^nov. sp.,’’ bien diferenciadas por los caracteres de su espiga, 
caracteres vegetativos y biologieos. 

Percival (1. c.), la babia considerado nna variedad de Triiicum dieoc- 
c%m y anteriormente babia sido descripta eomo T. viilgare v. ftdiginosum. 
Morfologicamente es mny semejante al T. vidgarSj pero por sns caracteres 
fisiologicos y nnmero de cromosomas es nn T. d^iriim. 

Fnndado en estas earacteristicas, en sn enna geografica y centre de 
diversidad (9), Yavilov (52), sostieiie qne se trata de nn bibrido inter- 
especifico de T. viilgare xT, durum j representaria nna forma de transi- 
cion. 

Inmnne al ''Oidinm’' [Erysiphe graminis), Yavilov (50) establece esta 
earaeteristica como nna case nnieo entre otras 580 variedades por el eote- 
jadas. 

Snsceptible a la Puccinia tritieinay ba sido ernzada por Yavilov (50) en 
Beading (Ingiaterra), con nna variedad de T. vulgare iiimime a dieba 
‘^roya,^’ obteniendo en la Pj o primera generacion, nn bibrido inmnne a 
ambos parasites, probando la dominaneia de la inmnnidad eomo earacter 
liereditario. 

Yavilov (51), lo enenentra mny snsceptible a la caries en prnebas qne 
realiza al efecto, pero agrega qne nn proeeso de incompatibilidad pnede 
observarse, ya qne los granos ' ‘ cariados, ’ ^ son peqnenos y abortivos. 

Bn nnestras prnebas se revelo eomo mny resistente a la Tilleiia levis^ 
dando solo 12.7 por eiento de infeeeion, 

Segun el mismo antor, es faeilmente cruzado con los T. durum ^ eon los 
qne daria bibridos perf ectamente fertiles. Segnn Percival (38) con los T. 
vulgare, daria bibridos “casi esteriles’’ en la Pi. 

Nnestras observaciones sobre bibridos inter-especificos (33), nos dan 
con respecto al T. persicum v, fuliginosum, los signientes resnltados : 

en el bibrido T, vulgare v. f errugineum x T. persicum v. fuliginosum, 



1931] 


Nieves : Tilletia Levis in Abgentina 


721 


sobre 16 flores fecundadas artificialmente, obtenemos 12 granos 
bastante ‘‘chtizos/^ lo qiie revelaba ya, mi proceso de ineompatibili- 
dad genetica. 

de los 12 granos naeieron 9 plantas que se desarrollaron bien, siendo 
perfectamente visible en todas, su naturaleza hibrida, por la domi- 
naiicia de earacteres tales como, Pubescencia de las Grlmnas, HoUin o 
''fnligo’' de las espigas, Bordes eolorades de las Glumas, etc., todos 
earacteres distintivos del ascendiente paterno; 

esta Pi presenta basteantes pustulas de P. triiicina, P. ghimarum 
Eriks, and Henn, y P. graminis tritici, mientras qiie el T. pey^smim 
se manifesto easi inmnne a la P. graminis triiici j miiy poco atacado 
por las P. iriiicina (Sebm.) Eriks. & Henn. ; y P. glumarum; 
como el ascendiente susceptible — el T. vulgar e v. ferritgineum — se 
manifesto a la vez extraordinariamente atacado por P. glumarum y 
P. graminis iriUci, tendriamos una nueva prueba confirmativa de la 
naturaleza recesiva del caracter ‘^resistencia a las royas” (32) ; 
finalmente examinando las espigas bemos constatado la casi total 
autoesterilidad, del hibrido en Fi ,* 

en una planta, sobre 221 flores solo feeundaron y formaron granos, 
11 , ■ 

en una segunda sobre 402 flores, se obtuvieron solamente 24 granos; 
es decir un 95 por ciento y un 94 por ciento respeetivamente de 
^ ^autoesterilidad’^ ; 

los granos son extremadamente ^^ebuzos” y abora falta saber en que 
proporcion seran ‘ ^ auto vital es. ^ ’ 

(V) Begularidades o'bservadas en la resist encia a diversas enfermedales. 
Es interesante liacer notas que Tapke en un valioso trabojo sobre el carbon 
volador [Vstilago tritici), llega a conelusiones semejantes a las que bemos 
enunciado. 

Dice este autor en su Occurrence of loose smut on wheat’’ (46) : 

Pentad, el unico Triticum duriim, ineluido en los ensayos, fue al- 
taniente resistente (0.20 por ciento). Los tres trigos ''club” eote- 
jados (T. comp act imi) , se mostraron fuertemente susceptibles, al- 
canzando basta un 97 por ciento de espigas atacadas en el Little 
Club C. I. 4066. En los trigos commies (T. vulgare), la escala de 
resistencia va desde la mas elevada susceptibilidad, a la inmunidad 
absoliita. Las variedades altamente resistentes son relativamente 
pocas, pero una o mas se encontraron en cada uno de los cuatro 
grupos comerciales, excepcion beeba de los trigos blancos (T. vul- 
gare V. alMdum; T. vulgare v. graecum^ etc.). 

en trigos' "poblaeiones” tales como el Pulcaster, Gipsy, Harvest 
en trigos "poblaciones” tales como el Pulcaster, Gipsy, Harvest 
Queen y Eed May. 



722 


Phytopathology 


[VoL. 21 


Las lineas puras de Hussar (Ked Hussar C. I. 4843) y Pidit (Smut- 
proof C. I. 6703), son altamente resistentes e immune respeetiva- 
mente al ‘^carbon volador.’’ 

Bstas mismas seleeciones lian demostrado ser inmunes a la caries. 
Pue evideiite la existencia de formas fisiologicas especializadas, en 
27. ifiiioi. 

No se encontro correlacion entre los yalores ''iones-liidrogeiio’' de 
los jugos (acidez) y la capacidad de resistencia de los liuespedes a 
la infeccion. 

T es interesante, repetimos, por cuanto las similitudes observadas en el 
eomportamiento a diversas enfermedades, tales como Puccinias, Tilletias, 
TJstilago, etc., cuando se consideran diversos grupos filogenetieos, permiten 
sospeebar la existencia de condiciones generates que regularian las infec- 
eiones, tales como la Naturaleza Genetiea De Las Subespecies, problema 
espeeialmente estudiado por Vavilov y que fundamenta una de sus leyes 
sobre la ‘ ' Distribueion de la Inmunidad en las Plantas’^ (51). 0 la elevada 
Actividad Osmotica Eiidocelular, argumento sostenido entusiastamente por 
Dragbetti (13), quien vincula la elevada resistencia de los T. d%irum; T. 
vulgare v. esythrospermicm, etc., a que la subespecie o variedad botaniea 
consider ada, presentaria comunmente el Maximo Numero y Las Maximas 
Manifestaciones De Los Caracteres Hipertonizantes De Los Jugos. Hoy, 
ya no se acepta, que la resistencia a las enfermedades deba referirse a la 
eantidad de acidos organicos del contenido celular, hipotesis sostenida por 
Comes, Lo Prior e y Kircbner y otros autores, Negada esta teoria por los 
trabajos de Vavilov, es nuevamente desautorizada por las observaciones 
reeientes de Hurd-Karrer y Tapke (24, 25 y 46). 

Es indudable que ya no puede aceptarse ninguna Mpotesis simplista 
sobre la naturaleza de la resistencia a las enfermedades y que limit ando a 
sus verdaderas proporciones, los casos de Pesistencia Morfologica, recono- 
cidos por Hursb (26) y de Eesisteneia Puneional reconocidos por Hart 
(21), debe admitirse la compleja naturaleza de la Resistencia Pisioldgica, 
la que al decir de Vavilov, seria la resultante de muy complicadas inter- 
relaciones fisiologicas entre el parasito y el protoplasma de las celulas 
buespedes. 

(VI) Irregularidades que se ohservan cuando se comparan los resul- 
tados ottenidos en diversos lugares. Por lo general, cuando se comparan 
los resultados de ensayos de infeccion, realizados en diversas situaciones 
geogrMcas, se observa que los mismos difieren casi eompletamente. 

Estas diferencias lejos de ser anormales, responden a causas naturales, 
euya verdadera naturaleza conviene siempre establecer. Asi, nuestros 
resultados, obtenidos en Guatraebe, en el S. B. de La Pampa, difieren mar- 
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cadamente de los de Brimini, obtenidos en Barrow, en el S. E. de Buenos 
Aires. 

Goner etando lo qne bemos expnesto en otro lixgar (34), la no eoin- 
cidencia de los resultados entre dos experimentaciones, tales como la de 
Gnatraelie j Barrow, pnede impntarse a algunas de las signientes causas: 

1) Influencia del ambiente (temperatnra, humedad j snelo). 

2) Infliiencia de la epoea de siembra. 

3) Naturaleza especifica del parasito; posible existencia de formas 
fisiologicas especializadas, (sobre este particular conviene recordar 
que ban sido reconocidas reeientemente, numerosas formas dsiol- 
ogicas especializadas en ambas Tilletias, por Faris (14), Eodenbiser 
y Stakman (41), Eeed (39), Eodenbiser (42), Gaines y Rqmer (19), 
Gaines y Smith (20), Reicbert (40), Holton (23) ,• etc. Eeed, 
solamente, en 42 colecciones testadas sobre 18 buespedes difereneiales, 
prueba que bay por lo menos 4 f. f. en Tilletia levis j 6 1 f. en T, 
iriiicij en sus colecciones) . 

4) Errores en la identificacion de las variedades. 

5) Empleo de distintas lineas geneticas (de una variedad comun), con 
distinta susceptibilidad. 

6) Naturaleza de la infeccion experimental. Metodos de investigacion y 
exposicion de los resultados. 

7) Causas accidentales no establecidas o no sospecbadas por el in- 
vestigador. 

SUMMARY 

Olfjecf and Methods. — Tilletia levis and T. tritici bave been found in 
different sections of tbe Argentine wheat area, but the geographic distri- 
bution, comparative virulence, and forms of each are not yet exactly known. 

Particularly in tbe winter-wheat area, which embraces La Pampa and 
Western and Southern Buenos Aires, bunt annually produces considerable 
loss. 

Although there has been an increasing development of seed-disinfection 
methods involving use of chemical dusts, such as copper carbonate, Uspulun, 
Abavit 26, and others, many farmers still employ copper sulphate, which 
often produces severe losses through seed injury. 

In some sections, also, infection occur through bunt spores present in 
the soil. 

The virtual impossibility of an effective control of this disease in regions 
subject to soil infestation has impelled the Direccion General de Ensenanza 
y Fomento Agricola del Ministerio de Agriciiltura de la Nacion, to develop 
for such sections varieties of wheat inmune from Tilletia, spp., varieties 
that are at the same time acceptable agronomically and industrially. This 
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work will be carried out by the Guatraelie Experiment Station. A pre- 
liminary study of Yarietal resistance of wheat to Tilleiia levis collected in 
Guatraelie was made involving 154 varieties belonging to 5 subspecies. Of 
the 154 varieties 80 were winter wheats and 74, spring or inidseason 
varieties, comprising most of the wheats cultivated in Argentine, new pure 
lines and hybrid selections still in the nursery tests, and some well-known 
foreign varieties. 

The seed was heavily inoculated just before seeding with fresh spores 
of Tilleiia levis obtained the previous year from the variety Tuzela. The 
seed was sown on three consecutive dates, April 30, May 5, and July 17 ; 
the temperature and humidity conditions were carefully noted during the 
period of germination following each date. The results are given in per- 
centages of bunted heads, being based on the examination of 59,194 heads 
of this cimp- They refer only to the experiments of 1928. The same 
varietal trials repeated in 1929 were destroyed by an unusual drought that 
killed all the crops in this year. 

The desire to prevent any delay in the presentation of the results of 
these experiments, the first ever obtained on a large scale in Argentine, 
justifies their presentation at this time. 

Conclusion: 1. The most favorable conditions for infection of fall-sown 
winter varieties by Tilletia obtained in April and Mblj. 

2. The widest spread of infection was noticed where wheat germinated 
in a soil gradually drying out from lack of rain. 

3. Generally, with the exception of varieties belonging to the hard red- 
winter group wheats of 14 pairs of chromosomes offer greater resistance to 
bunt than do those of 21 pairs. 

The writer, however, believes after treating a larger number of varieties 
of 14 pairs of chromosomes with different collections of Tilletia, almost as 
great a variation in resistance should be encountered as that observed in 
the T. vulgare group. 

4. The subspecies T. vulgare i^resents the most extraordinary variability 
in respect to the behavior of its varieties to infection by Tilletia, ranging 
from almost total susceptibility to almost complete immunity. It is of in- 
terest to note that most of the new very resistant strains are found in a 
subgroup of winter-habit wheats, with bearded, lax, white heads, and hard 
red kernels that are specially adapted to cold, dry regions [T. vulgare v. 
erythros 2 oermum ) . 

5. Very susceptible to highly resistant strains have been found in a 
local variety known as Kansas, which is probably the same as Crimean C. I. 
1435 of the United States Department of Agriculture. 

Three years of yield experiments with these new strains indicate a 
possibility of their becoming valuable commercial varieties. 
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6. Certain strains of winter wheats from Hungary and the variety 
Florence from Australia were shown to be highly resistant. 

7. All the highly resistant strains have been used to cross with other 
highly productive Argentine varieties of good milling and baking qual- 
ities. 

Estacion Experimental de Guatrache (Pampa Central), 

Ministerio de Agrictjltura de la Nacion^ 

Republic A Argentina. 
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BOEDEAUX MIXTUEE AS A FACTOE INCEEASING 
DEOUTH INJUEY" 

J. D. Wilson and H. A. Eunnels 

Ginseng, Panax qitinquefolium L., is eonimonly grown in wood lots in 
Ohio. Those best adapted to the culture of this crop consist of large trees 
in open stand, their branches just interlacing so that the shade provided 
is continuous and of a fairly uniform density. All underbrush is removed 
and the beds are then prepared, much as when lath shelters are used. 

Many of the ginseng plantings in Ohio are frequently attacked by 
Alternaria blight {Aliernarid panax Whetzel) and, for this reason, must 
be sprayed. The most common treatment is that involving three or four 
applications of a 3-3-50 Bordeaux mixture. The timing of the sprays is 
regulated by the growth stage of the plant, as follows : Just as the majority 
of the plants are through the ground, after the leaves are fully expanded, 
shortly before bloom, and, finally, just after the fruits are w^ell formed. 
During the past four summers the writers have been treating several plots 
in each of two wood lots near Wooster, Ohio, in an effort to determine some 
of the most effective spray and dust mixtures for the control of the disease 
mentioned above. 

In 1930 the first application of materials was made on May 15, the 
second on May 31, and the third on June 25, and the fourth was omitted. 
At the time of the third application a considerable number of plants in 
both wood lots were beginning to show a type of ginseng foliage injury 
with which neither the growers nor the writers were familiar and which 
was considerably different from that commonly caused by improperly pre- 
pared Bordeaux mixture. 

The first indication of this injury was a drooping of the individual 
leaflets. Next, the tissue at the margins of the leaflets suddenly began to 
collapse, first taking on a darkened, water-soaked appearance, and, later, 
drying out. The silvery green of the ginseng leaflets faded somewhat but 
did not disappear, nor did the blades become yellow. The margins of the 
leaflets finally became wrinkled and crisp. The drying-out progressed 
from the tip toward the base and from the edges inward much like tipburn 
in such plants as the potato. The tissue adjacent to the midrib and near 
the base of the leaflet often remained alive and green for some time after 
the margins were dead and dry. The plant at this stage appeared much 
as in figure 1, A, w^hich was photographed on June 25. This may be com- 

1 Published with the approval of the Director of the Ohio Agricultural Experiment 
Station, Wooster, Ohio. 
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Fig. 1. A. Coml)iiiation drouth, and spray injury on ginseng. Sprayed with Bordeaux 
mixture. B. Normal ginseng plant sprayed with Bordeaux mixture. 
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pared with the normal plant of figure 1, B. Finally, the leaflets became 
tightly curled about the petioles, the latter then collapsing at their point of 
attachment to the stem. The leaflets remained attached to the petioles in 
many cases. 

The injured-plant areas became progressively larger and new ones ap- 
peared as the days passed. By July 25 such a large proportion of the 
plants in both plantings had died that it was considered useless to make 
the fourth application of materials to the experimental plots. The majority 
of the plants failed to bloom properly and many of the young fruits 
dropped before maturity. 

The general appearance of the dying plants and the manner in which 
the injury areas increased in size and number suggested drouth damage. 
The fact that many herbaceous plants in fields and wooded areas were be- 
ginning to suffer from a lack of soil moisture and the extremely dry aerial 
environmental conditions made it seem even more likely that the ginseng 
plants were being injured in the same way. Shade-loving plants, as a 
group, of which ginseng is a member, are particularly sensitive to condi- 
tions of high evaporation, lack of soil moisture, and an excess of light over 
the normal for their habitat. Burns (3) reported the death of pine seed- 
lings, in exposed situations during a period of drying winds, and the 
marginal burning of leaves of other shaded plants when suddenly exposed 
to bright sunlight. Pool (18) noted that many species, normally occurring 
on forest floors, were either scarce or absent during a dry summer in 
Nebraska. Observations similar to those of Pool were made in Ohio forests 
during the summer of 1930. The competition for water finally became so 
severe that many of the trees began to lose some of their leaves and, by 
mid-July, many of the beech trees in Ohio had been defoliated. 

The rainfall at Wooster from May 1 to July 31, 1930, inclusive, was 
only 51,4 per cent of the normal. The mean temperature was 2.4° P. 
above normal. The evaporating power of the air, measured with white, 
spherical atmometers, was 51.1 per cent higher than the average over the 
same period for the summers of 1928 and 1929. Drouth conditions during 
July, the month of greatest injury to vegetation, were especially severe. 
The rainfall was only 42.1 per cent of the normal and the evaporation total 
was 77 per cent greater than the average value for the same month in 1928 
and 1929. This low rainfall and high evaporation rate resulted in the 
establishment of semixerophytic conditions under ivhich many of the plant 
forms accustomed to a more plentiful moisture supply were not able to 
survive. Many species succumbed wholly or in part and many individual 
plants of different species lost all or part of their foliage. Tims it is not 
strange that a tender plant like ginseng should show injury, especially when 
in competition with deep-rooted trees for soil moisture. 
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On July 25, at the time it was decided not to put on the fourth spray 
application, there were still a number of isolated areas in each wood lot in 
which the plants were in good condition. Some of these areas were obvi- 
ously in situations where the soil moisture content had remained sufficiently 
high to maintain plant growth, but a very striking thmg was noticeable 
about the remainder, which comprised whole beds in which all of the 
plants appeared normally green. These beds were in the midst pf other 
large areas in which all of the plants were dead, and they consisted of those 
plots which had not been sprayed at all during the season or had been 
treated with some compound other than Bordeaux mixture. With the 
exception of these few plots the entire area of each planting had been 
sprayed by^the growers or the writers with three applications of a 3-41-50 
Bordeaux mixture (hydrated lime). In the check plot (nontreated) those 
plants that had not been affected by Alternaria blight were normal in color 
and form, as shown in figure 2, A, while those in immediately adjacent 
beds which had been sprayed with Bordeaux mixture were dry and dead, as 
ill figure 2, B. 

All the beds in which injury was noticeable as early as June 25 had re- 
ceived applications of Bordeaux mixture on May 15 and 31, respectively. 
This fact, connected with the observations made above, suggested the pos- 
sibility that the mere presence of the Bordeaux residue on the ginseng 
leaves was in some way responsible for the injury starting as early as it 
did and becoming as severe as it finally was. That is, the Bordeaux must 
have exerted some accelerating influence on the transpiration rate of the 
plants. This increased transpiration rate, combined with the low soil 
moisture content and the high evaporating power of the air, placed a de- 
mand upon the water-absorption system of the plant which it was unable 
to meet. As a result the leaves passed through the successive stages of in- 
cipient drying, and transient and permanent wilting and, finally, under the 
influence of continuous conditions of desiccation they died and became dry. 

The literature dealing with the effect of Bordeaux mixture upon plants 
is extensive and varied. In a discussion of the type of injury noted here 
on ginseng we are concerned chiefly with those papers which make refer- 
ence to the water relations of the plant. For the purpose of discussion 
those which we shall consider may be roughly divided into five groups. The 
first group, which is not so directly pertinent as the rest, ineludes a few 
of the articles which discnss Bordeaux injury under certain types of 
weather conditions. The second includes those reporting a lowering of leaf 
temperatures ,* the third, a number which note a protective action against 
drouth; the fourth, those which indicate that transpiration rates are de- 
creased,- and, the fifth, those which show that the application of a Bordeaux 
spray to the leaves of a plant usually increases the rate of water loss. 
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UiG. 2. A. Check plot. No spray. Ko drouth iujury. B. Plot treated with 3-4i-50 
Bordeaux mixture. Broiith injury. 
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Bain (1) found that peach trees sheltered from dew or rain or shaded 
were not affected by a Bordeaux spray which did injure those not so pro- 
tected. Bonns (2) noted that wet weather following Bordeaux applications 
on apple trees increased leaf injury and that such factors as high atmos- 
pheric humidity and free water on the leaves were contributory. Crandall 
(6) reported Bordeaux injury as occurring regardless of the care used in 
the manufacture and application of the mixture if weather conditions^ such 
as periods of rain or heavy dew formation^ were just right following spray- 
ing. Hedrick (13) states that the kind of weather following an application 
is one of the factors determining the extent of Bordeaux injury and that 
alternating periods of rain and bright sunshine are most conducive to in- 
jury. AVhetzel (23) reported injury to ginseng apparently due to the com- 
bination of a Bordeaux spray and cold weather. Many of the young plants 
were killed in this instance. 

The type of injury made reference to in the above paragraph is most 
likely to occur when a spray application is followed by cool, wet weather 
or a series of heavy dews, possibly alternating with other periods of bright 
sunshine. The injury to ginseng in 1930 occurred during an extended 
period of dry, hot weather. Dew was not a factor since it did not form on 
these plants growing under trees. Also, the plants were shaded and rains 
were, of course, very infrequent. Thus, every factor cited as being con- 
tributory to the type of Bordeaux injury discussed in the previous para- 
graph was absent or opposite in occurrence, in the present case, and it there- 
fore seems probable that the type and cause of the injury must have been 
quite different in the two instances. 

Eaton and Belden (11), working with cotton, found that leaves covered 
with a coating of whitewash w^ere about 3° C. cooler than nontreated checks. 
Lutman (14) found that a Bordeaux residue lowered the temperature of 
potato leaves from i to f of a degree Centigrade. Tilford and May (22) 
reported that a Bordeaux film lowered the internal temperature of a potato 
leaflet significantly below that of nonsprayed controls. An increase in the 
lime constituent further decreased the leaf temperature, while the addition 
of lampblack raised it to a point above that of the leaves on the control 
plants. 

Lutman (15) found that the presence of a Bordeaux residue on potato 
plants afforded some degree of protection against that type of tipburn 
due to dry, hot w^eather, by virtue of its shading effect. Scliander (20) 
also suggested a protection to plants from the same cause. Sturgis (21) 
regarded Bordeaux mixture as a beneficial factor, aiding plants to resist 
dronth injury during the drouth of 1894, in Connecticut, when the extreme 
heat and lack of soil moisture resulted in leaf burning of nonsprayed 
plants. 
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Clinton (5) attributed the increase in potato yields, which often, results 
from the application of Bordeaux mixture in dry seasons, even in the ab- 
sence of disease, to a decrease in the transpiration rate. Ewert (12) re- 
ported a decrease in transpiration rates following applications of Bordeaux,* 
and Eumm (19), working with abscised stems of grape, found that those 
which had been sprayed with Bordeaux remained turgid longer than those 
not treated. Schander (20) also noted a lessening of transpiration due to 
spraying. 

Bain (1) noted that peach seedlings, sprayed with Bordeaux, required 
watering more often than those not so treated. Butler (4) found that a 
coating of Bordeaux spray increased transpiration in a number of trials. 
Milk of lime also caused an appreciable increase. The more opaque the 
mixture the greater the acceleration observed. Most of the increase oc- 
curred during the night. Duggar and Cooley (7, 8), working with tomatoes, 
obtained an increase in the transpiration rate with Bordeaux films but not 
with a number of other sprays and dusts. Strong Bordeaux gave a greater 
acceleration than weaker mixtures. Some of the increases noted, as with 
Bordeaux mixture or this compound plus lampblack, were as great as 50 
to 75 per cent over the control plants. High concentrations of Bordeaux 
induced incipient wilting and, even marginal leaf injury, in some instances. 
This effect was perhaps very similar to the ginseng injury observed in Ohio 
this year. Duggar and Bonus (9) in a study on potted potato plants found 
that most of the increase occurred during the night period. The increase 
ranged between 37 and 133 per cent over that of the controls. In- 
creases as great as 479 per cent over the normal were noted for short 
intervals immediately following a spray application. Dutton and "Wells 
(10) observed that cherries were often small on trees sprayed with 
Bordeaux mixture. Cherry shoots treated with Bordeaux lost water from 
25 to 50 per cent faster than controls and the fruits became badly shrunken 
in a short time, thus indicating a removal of 'water from them by the rapidly 
transpiring leaves. Martin (16) applied Bordeaux mixture to abscised 
leaves and to potted plants and obtained a material increase in the rate of 
water loss. The increase was greatest during the first two hours after 
spraying. It also varied in degree for different species. Martin and Clark 
(17) sprayed potato plants growing in pots maintained at different soil- 
moisture contents wdth a 5-5-50 Bordeaux mixture. "With high soil 
moisture the plants sprayed with Bordeaux lost 135 per cent more water 
than the controls during the night period and 81 per cent more during the 
day period. With low soil moisture the increases were 81 and 18 per cent, 
respectively. Zueker (24) found that Bordeaux increased transpiration 
on a variety of plants, while milk of lime was less effective in this respect- 
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It seems certain that the influence of the factors of low temperature, 
dew formation, and the alternation of rain and sunshine may be largely 
disregarded in conection with the type of injury noted in this instance. It 
is also very probable that no beneficial effect due to shading or decreased 
water loss existed since most of the plants were well shaded and only the 
sprayed ones showed injury. Thus, in view of the fact that a Bordeaux 
film on the leaves of a plant probably increases rather than decreases the 
transpiration rate and the further facts that the soil moisture content was 
low and the evaporation rate high, it seems very likely that the death of 
the sprayed plants was in some way brought about by the combined effect 
of drouth and spray which seriously disturbed the internal water relations 
of the plants. This conclusion is borne out by a number of observations 
made while the injury progressed in extent and severity. Of course, it is 
not definitely known whether the injury observed in this instance came 
about because of a greatly increased transpiration rate immediately follow- 
ing the application of May 31 or June 25, or both, as is suggested by the 
work of Duggar and Bonus (9) and Martin (16), or whether the effect was 
due to a cumulative action over a period of two or three weeks following 
the spray application. Many other species of plants in similar situations 
were suffering severely from a lack of water. The symptoms observed 
were those usually accompanying injury and death due to drouth. Most 
of the ginseng plantings in wood lots showed severe injury by the end of 
July, while those depending on lath shelters for shade were not affected 
and remained green until the usual time in the fall. In the wood lot plant- 
ings injury was first noticed in definitely delimited areas and all of the 
plants in these areas showed similar symptoms of injury within a very short 
time. These areas were always found to be low in soil moisture, either 
because of some peculiarity of surface confoimiation or near-by tree group- 
ings or because they were places subjected to an amount of sunlight far 
above the average for the planting, as a whole. The subsequent increase 
in size and number of these areas of injury was definitely connected with, a 
progressive decrease in the soil-moistnre content. After 75 per cent of 
the plants in each of the two wood lots in question had succumbed there 
were still many small, isolated areas scattered about in which all of the 
plants were in good condition, even though they had received exactly the 
same spray and cultivation treatment as the rest of the planting. These 
areas, usually surrounded by dead or dying plants, were in favorable situa- 
tions from the standpoint of soil moisture, such as at the foot of slopes or 
in slight depressions. Finally, what is perhaps most important, all of 
those beds that had not been sprayed with Bordeaux mixture, such as 
check plots, dusted plots, and those sprayed with compounds wdiich left 
little or no visible residue on the leaves, remained in good condition until 
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the end of the season. These nninj-ared beds were surrounded on all sides 
by sprayed plots in which 100 per cent of the plants were dried np. 

Thus, the situation may be summarized somewhat as follows: The 
moisture content of the soil in the wood lots became low in June and at 
certain times during this month and in July approached the wilting- 
point value. This, combined with the high evaporating power of the 
air, frequently resulted in a severe drying of the leaf tissues. Incipient 
and transient wilting began to occur, but those plants which had not been 
sprayed were always able to recover before permanent wilting was followed 
by death. However, the presence of the Bordeaux film on the leaves of the 
sprayed plants increased the water loss sufficiently at some time during the 
wilting process to exceed the critical point of desiccation and to render 
subsequent recovery impossible. Consequently death and drying-out of 
the tissue resulted. Those plants growing in dry soil areas or standing in 
greater than the average amount of sunlight were the first to succumb and 
were followed by others as the conditions affecting desiccation of the tis- 
sues became more severe. 
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ANTHEACNOSE OF STRAWBEEEY CAUSED BY COLLETO- 
TEICHUM FEAGAEIAE, N. SP. 

A . N . B E O O K s 

INTRODUCTION 

During the years 1926-1929 observations were made upon an anthrac- 
nose disease attacking strawberry runners. Although a survey made in 
1926 of the fields in the central Florida strawberry-growing area showed 
that the disease was not wudely distributed, surveys made during subse- 
quent years showed a slight increase in the amount of the disease each year. 
In the year 1930 anthracnose w^as fairly well scattered throughout the cen- 
tral Floi'ida area. In certain fields anthracnose has been present each year 
in such abundance that plant propagation has been a failure. The disease 
attacks mainly the runners and girdles them, thus cutting oflE the food sup- 
ply to the young plants before they have rooted and become self-support- 
ing. This reduction in the number of plants propagated is a serious loss 
to the Florida grower because he depends almost entirely upon the plants 
he can grow during spring and summer to supply him with plants for fall 
setting. Northern-grown plants cannot be shipped in satisfactorily at that 
time. 

Briefly, the system of strawberry propagation practiced in Florida is as 
follows : Each year during February and March strawberry plants are 
secured from northern nurseries and set out in beds. By June these beds 
will be covered with runner plants which are removed and set out in other 
beds. By September these last beds wdll be covered with runner plants 
which are removed and set out in the fields wdiere they grow and produce 
fruit from the last part of November until May, at which time they are 
plowed under. For every thousand plants which the grower secures from 
the North in February he raises 20 to 50 thousand plants for fall setting- 

Outside of Florida anthracnose apparently has not been observed in any 
State' of the United States. At any rate, reference to this disease has not 
been found in the literature. Halsted/ p. 327-328, in listing some straw- 
berry diseases, mentioned an ^‘anthracnose” caused by Gloeosporium fra- 
gariae (Lib.) Mont., but WolP gives this as a synonym of Diplocarpon 
earUana (Ell. & Ev.) Wolf, the organism causing leaf scorch of strawberry. 

1 Halated, B. D. Report of the Botanist N. J. Agr. Exp. Sta. Rpt. 1893: 289-436. 

2 Wolf, E. A. Strawberry leaf scorch. Jour. Elisha Mitchell Sei. Soc. 39: 141—164. 
1924. 
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Fig. 1. Lesions on strawberry runner and petiole produced by CoUetotrichum fragariae 

under field conditions. 


THE DISEASE 

Symptoms. Under field conditions anthracnose most commonly affects 
the rnnners, the petioles being affected occasionally. The young lesions are 
dark brown, oval, and 1 to 2 mm. long. They increase in size longitudi- 
nally for several centimeters and laterally until the runners are girdled 
(Pig. 1). Under favorable environmental conditions, high temperature and 
abundant moisture, these lesions may extend throughout the length of the 
runner. Ordinarily, however, the average lesion extends for 1 to 2 cm. 
along the runner and girdles it. These lesions are typically anthraenose- 
like, sunken, dark brown to black, and sharply demarcated from the sur- 
rounding healthy tissue. The cortex in the older portion of the lesion be- 
comes shrivelled, and over its surface are scattered groups of setae which 
can readily be seen in profile with the aid of a strong hand lens. Micro- 
scopic mounts of strips of epidermis peeled from these lesions show a scat- 
tering of numerous aeervuli, either bordered by or interspersed wdth dark 
brown setae (Fig. 2, A). Conidia are produced in abundance in the 
aeervuli. 

Seasonal Development . Anthracnose is most abundant in central 
Florida during the rainy season, June to September. It has been found 
as early as May, but it is not seen during the late fall and winter months 
because, at that time, the strawberry plants are kept free of all runners. 
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Fig. 2. Photomicrographs of CoUetotrichum fragariae: A. Surface view of rimner 
lesioHj showing setae in aeervuli. x 100. B. Cross-section of strawberry runner^ show- 
ing disorganization of cortical cells caused by the fungus. x 200. C. Conidia. xljOOO. 

In individual fields anthraenose shows up to a greater extent in the 
lower areas where water accumulates during heavy rains. Thus^ surface 
water is one agency for the distribution of spores. 

CAUSAL ORGANISM 

Isolation. Suspensions of conidia from diseased runners were used for 
the first inoculation experiments from which typical symptoms of the dis- 
ease developed upon healthy runners. Later^ cultures of the organism were 
obtained upon lima-bean agar from single spores. In culture, conidia were 
produced abundantly in 6 to 8 days, and when used to inoculate healthy 
runners they produced a disease which compared exactly with that found 
under field conditions. The organism was reisolated from the artificially 
inoculated plants, grown in culture, and it again produced the disease when 
inoculated into healthy runners. 

G'lilhiral Char act eristics. Pure cultures of the causal organism were 
grown on corn-meal, oatmeal, and lima-bean agars, each containing 1 per 
cent glucose. Inoculated agar plates showed growth within 12 hours, and 
the average rate of growth was 0.40 to 0.46 mm. per hour at atmospheric 
temperatures ranging between 75° and 90° F. Yegetative growth and pro- 
duction of conidia were scant upon corn-meal agar but more profuse upon 
oatmeal and lima-bean agar. The growth of the organism on all of these 
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media was black and zonate, with short, cottony, aerial hyphae, and the 
eonidia appeared as pink masses. Cultures grown upon artificial media 
for a period of 6 months were found to have lost their pathogenicity. 

Cultures on autoclaved string beans and strawberry runners gave an 
abundant growth of fairly long, cottony hyphae, with some production of 
eonidia. 

Taxonomy. Because of the symptoms of this disease and because it is 
caused by a species of Colletotriehum, the common name '‘anthracnose’^ is 
suggested, a term which the writer has applied to the trouble since its dis- 
covery and which will be retained since the ‘‘anthracnose^’ mentioned by 
Halsted is now called ‘4eaf scorch.” 

The species of Collet otrichum causing anthracnose of strawberry run- 
ners has been compared with other described species of that genus and was 
found to differ from all of them. Host plants of species of Colletotrichum 
most like the one causing the strawberry anthracnose were inoculated with 
pathogenic cultures of the latter organism, but no infections resulted. The 
plants tested were alfalfa, hollyhock, red clover, snapdragon, spinach, and 
string bean. 

A survey was made for wild hosts of the organism which causes straw- 
berry anthracnose, hut none has been found. Inoculations into the follow- 
ing plants failed to produce the disease: Agrimonia sp., blackberry, dew- 
berry, Gerardia sp., Ludwigia virgata Michx. 

Successful inoculations were made into runners of Duchesnea indica 
(Andr.) Foeke, 

No ascigerous stage of the fungus has been found either on host tissue 
or in culture. The strawberry anthracnose organism is therefore presented 
as a new species and the binomial Collet oMcJmm frag arias assigned to it. 
Colletotrichum fragariae, n. sp. 

Lesions brown to black, sunken, one to several centimeters long, girdling 
runner. Aeervuli erumpent, scattered, mostly lenticular, 70-140 p long 
by 30-60 p wide (av. 110x40p). (Fig. 2, A, B, and 3, A.) Setae few 
to abundant, occurring singly or in groups, somewhat sinuouKS, 1 to 2 septate, 
97-142 p long by 3. 8-5.4 p wide (av. 115x4.3p), dark brown and sub- 
bulbous at the base becoming lighter toward the apex, sometimes with a 
small, slightly constricted apical cell. (Fig. 3, B.) Conidia abundant, 
14-21 p long by 3. 9-6. 3 p wide (av. 16.4x4.8 p), spindle to boat-shaped 
with rounded ends, granular, 1 to 2-guttulate, pink in mass. (Pig. 2, C.) 
Conidiophores 5— 10 p long by 3— 5 p wide [av. 7x3.5p), hyaline, non- 
septate, ovoid. 

INFECTION EXPERIMENTS 

Inoculation experiments were performed to determine the environmental 
conditions under -which infection takes place and to determine whether 
leaves and petioles would become infected. 
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Pig. 3. Camera-lucida drawings of Collet otricJium fragariae, showing: A. Acervulus 
with arrangement of setae; B. Seta, with constricted apical 
cell (1) and subbulbous base (2) ; C. Conidia. 

During September and October, 1927, runners on potted strawberry 
plants were inoculated with spore suspensions o£ the anthracnose organism. 
On one set of runners a fine needle was used to prick through the inoculum 
into the plant tissue ; on the other set there was no mechanical injury made. 
Subsequent to inoculation, half of the plants of each set were placed in a 
moist chamber and half in partial shade in outside atmosphere. The results 
of these inoculations are summarized in table 1. 


TABLE 1 . — Incut ation 'period of Colletotriclium fragariae on strawberry runners^ as 
afeoied t'y method of inoculation and treatment of plants 
siLbsequent to inoculation 


Metliod of inoculation 

Treatment subsequent to 
inoculation 

Incubation 
period — days 


Placed in moist ebamber 

2- 3 

Inoculum pricked into 
epidermis 

Placed in outside atmosphere 
and partial shade 

5- 7 


Placed in moist chamber 

6- 8 

Inoculum placed on 
uninjured epidermis 

Placed in outside atmosphere 
and partial shade 

12-14 


Another set of inoculation experiments was performed to determine the 
susceptibility of runners of different ages and portions of runners to 
anthracnose. From these experiments it was learned that the younger, 
more succulent runners or parts of runners were more readily invaded by 
the fungus than were the older ones, the tip of the runner being most 
susceptible. These results confirm observations which "were made of the 
disease under field conditions. 

Leaves and petioles of healthy strawberry plants also were inoculated. 
Some of the inoculations were made by placing a drop of spore suspen- 
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sion oiL the plant part and pricking through it into the plant tissues, others 
by merely placing the drop on the plant part. Kunners were inoculated 
at the same time to serve as checks upon the pathogenicity of the culture 
used. Disease symptoms appeared to a limited extent on the leaves and 
petioles which had been injured, but no signs of infection developed on 
those which were inoculated without wounding. Both sets of runners which 
were inoculated under similar conditions developed symptoms of the disease. 
The causal organism was reisolated from the leaves and petioles showing 
the disease symptoms. 

CONTROL 

As has been stated previously, anthracnose girdles the runners and causes 
the death of the young plants which have not yet put out roots and become 
self-supporting. It thus causes considerable loss during the period of plant 
propagation — July through September. Applications of Bordeaux mixture 
4-4-50, at 10-day intervals during the summer months have been found to 
check the progress of the disease but not to give complete control. The 
frequent rains at that time make control difficult. 

Proper drainage of the strawberry nursery beds will help to check the 
spread of anthracnose. 

Crop rotation may be an aid in combating this disease. 

SUMMARY 

(1) Strawberry anthracnose caused by a species of Colletotriehum has 
been found under field conditions mainly on the runners of this plant and 
only occasionally on petioles. It has been produced artificially upon 
petioles and leaves by inoculating through wounds. 

(2) The disease has been observed only in the strawberry-growing area 
of central Florida. 

(3) The disease is characterized by dark brown to black lesions on the 
runners. It causes considerable damage by girdling them and preventing 
the development of new plants. 

(4) The causal organism has been isolated and its pathogenicity has 
been proved by Koeh^s postulates. 

(5) The causal fungus is a species of Colletotrichum which is different 
from any known described species. A description of it is given under the 
proposed binomial Colletotrichum fragariae, n. sp. 

(6) Bordeaux mixture 4-1^50, applied at 10-day intervals during the 
summer, checks the spread of the disease but will not completely control it, 
becanse of the abundant rainfall at that time. 

Department op Plant Pathology, 

Florida Agricultural Experiment Station, 

Gainesville, Florida. 



INFLUENCE OF MOSAIC INFECTION ON TOMATO YIELDS 

J, W. HeUBEKGEE AND a. <r. ]\|oYER^ V 

INTRODUCTION 

The literature relating to the mosaic disease of the tomato is replete 
with statements of observations on the reduction in yield being associated 
with time of infection. Gardner and Kendrick (1) state; ‘Mt is a matter 
of common observation that many plants infected early in the season may 
show very extreme effects of mosaic and bear no marketable fruit whatever. 
Others- may bear a greatly reduced yield, while, in the case of plants in- 
fected late in the season, the effect on the yield is not very noticeable. In 
a later paper (2) these investigators again call attention to the fact that 
early infections cause the greatest loss, McKay (5) observed in Oregon, 
under both field and greenhouse conditions, that yields from mosaic-in- 
fected plants varied greatly, some yielding about a third of an average 
crop while others produced apparently an average yield. How^’ever, the 
literature reveals very little exact data upon the correlation of these losses 
with the time of infection. Norton (7) showed by measurements in the 
greenhouse that, although 33 per cent more fruit set on the plants longest 
remaining healthy, they produced very little more weight of fruit than 
plants infected earlier. McCubbin (4), under field conditions in Ontario 
in 1915, showed that 59 healthy plants gave 36.8 per cent more fruit and 
40.5 per cent more weight of fruit than 59 mosaic plants. However, he 
does not state when his mosaic plants were infected. Unpublished obser- 
vations made by J. B. S. Norton and K. A. Jehle during several years in 
Maryland tomato fields showed lower yields from the earlier infected 
plants. The investigations reported in this paper were undertaken with 
the object of obtaining more exact data on the effect of early and late in- 
fections of the common type of tomato mosaic on the yield of tomatoes 
under Maryland conditions. Two types of experiments are reported. One 
in 1927 showed the decreased yields based on the time of appearance of 
mosaic symptoms, and the other, in 1930, showed the decreased yields based 
on date of inoculation at definite growth stages. 

3METH0DS AND RESULTS 

1927 experiment: On July 1 a careful examination in a plot of Greater 
Baltimore tomato plants 6 to 8 inches tall, planted June 10, was made for 
individuals showing mosaic symptoms. The location of infected plants was 

1 The writers wish to acknowledge their indehtedness to Dr. J. B. S. Norton, under 
whose direction this work was done, for Ms valuable suggestions and criticisms. 
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recorded on a chart. Thereafter, 6 examinations at intervals of 1 week 
were made and, from the data obtained, 10 plants were selected from each 
weekly survey for yield studies. Harvests of ripe fruit were made at in- 
tervals of 1 week from August 22 to September 22, inclusive. Total yields 
for each of 6 series, based on the time of appearance of mosaic symptoms, 
were obtained. The average yield per plant for each series is presented in 
table 1. Under existing field conditions it was not possible to find by the 
first harvest 10 mosaic-free plants. Therefore, the yield of those plants 
which showed infection on August 12 was used as the basis for loss calcu- 
lations. The 1927 growing season was approximately an average one. 


TABLE 1. — S%'m'mar'y of yield records of infected tomato plants comprising the 

1927 experiment 


Time of appearance 
of symptoms 

Numlier of 
plants 

Average yield per 
plant in grams 

Peraentage loss dns 
to mosaic 

July 8 

4 

1,993 

56.9 

15 

10 

2,854 

38,2 

22 

10 

3,488 

24.5 

29 

10 

4,122 

10.8 

Aug. 5 

10 

4,532 

1.9 

'' 12 

10 

4,621 



1930 experiment: Two series of 3 plots, each, were laid off side by side 
on a comparatively level piece of sandy loam soil. In each series 2 plots 
were planted to the Marglobe variety and 1 plot to the variety Greater 
Baltimore. Half of the plots of each variety was used for inoculations and 
the other half for controls. Similar fertilizer treatments and cultural 
practices were employed throughout. 

Plants vrere obtained from beds apparently free from mosaic and were 
set on June 21 four feet apart in rows 4 feet apart. These plants were about 
a week older than the usual age for transplanting. The late planting was 
due to the fact that the soil was not previously available. During the 
transplanting process the hands of the workers were frequently washed 
with soap and water, and only strong, vigorous, healthy plants were set out. 

All experimental inoculations were made by a slight modification of the 
needle-prick method devised by Holmes (3). Four inoculations were made 
during the growing season: the first, at transplanting time; the second, 
when the first flower cluster had formed ; the third, when the first fruits 
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set were i to 1 ineh in diameter ; and the fourth, when the first fruits were 
ripe. 

All precautions were taken to prevent the spread of mosaic by mechan- 
ical means. The field was inspected at weekly intervals for the appearance 
of cases of accidental infection and for the presence of aphids. Aphids 
-were scarce throughout the season except for a small number being present 
just after the plants were set out. The accidental spread of mosaic was un- 
usually slow and, at the end of the growing season, 51 plants in the control 
plots were still healthy. These accidental cases of infection are not in- 
cluded in the data. . 

Harvesting began on September 3 and continued until October 3. The 
yield records are summarized in table 2. 

Drought conditions prevailed throughout the season and, for the months 
of June, July, August, and September, a deficiency of 11.01 inches of rain- 
fall occurred, there being during this period only 29.47 per cent of the 
average rainfall. 


TABLE 2. — Summary of yield records of healthy and inoculated tomato plants 
comprising the 1930 experiment 


Date 

of 

inoculation 

Number 
of plants 
used 

Average number 
of fruits set 
per plant 

Average yield 
per plant in 
grams 

Percentage loss 
due to 
mosaic 

First (6-26-30) 

39 

21 

685 

54.4 

Seeond (7-11-30) 

39 

24 

836 

44.4 

Third (8-14-30) 

27 

32 ' 

1,122 

25.3 

Fourth (9- 3-30) 

13 

32 

1,335 

11.2 

Control plants 

51 

36 

1,503 



In 1929 a preliminary test was made on the effect of mosaic on the 
quality of the canned fruit. Six cans each of healthy and mosaic fruit 
were prepared and then scored by an expert scorer, using the score sheet 
for canned tomatoes, tentative draft of January, 1928, of the National 
Canners Association. The differences between the healthy and mosaic cans 
were negligible. 

DISCUSSION 

Although these experiments were conducted under different climatic 
conditions, practically identical results were obtained. In 1927 the great- 
est loss in yield occurred with plants showing symptoms by July 8, while 
in 1930 the plants inoculated 5 days after transplanting produced a de- 
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cidedly lower yield tlian those inoculated later. In both experiments later 
infections produced similar results — ^the later the time of infection the less 
the reduction in yield. The results obtained show conclusively that the de- 
crease in yield varies in direct relation to the earliness of infection. Mc- 
Murtrey (6) and Valleau and Johnson (8), working with tobacco, obtained 
the same relation. 

Although the results of the later infections show the same relation, they 
differ quantitatively in the 2 years, and these differences seem to bear a 
definite relation to cultural practices and climatic conditions. The plants 
used in 1927 were transplanted about 2 weeks earlier and were somewhat 
younger and smaller than those used in 1930. Hence, during the former 
season with approximately average rainfall the plants grew faster, matured 
fruit earlier, and produced greater yields than the 1930 plants, grown 
under drought conditions. These differences indicate that late infection of 
plants of retarded growth causes more damage than late infection of plants 
of average growth. For example, the figures in table 1 show only a 10.8 
per cent loss when symptoms appeared on July 29, infection approximately 
12 days earlier, while the figures in table 2 show that infection on July 11 
resulted in a 44.4 per cent loss. 

The figures presented in table 2, for the average number of fruits set 
per plant, show that the first two infections resulted in less fruit being set 
than the last two infections, while the healthy plants set the most fruit. 

SUMMARY 

Both experiments show that the early infections cause the greatest re- 
duction in yield and that a direct relationship exists between the time of 
infection and the amount of reduction in yield. The figures presented in 
the tables show that the earliest infection in both experiments caused a re- 
duction of over 50 per cent in yield, while the last infection caused a reduc- 
tion in yield of 1.9 per cent in 1927 and 11.2 per cent in 1930. 

Late infections in both experiments produced similar results, but the 
results differed quantitatively in the 2 years. A probable explanation is 
given for these differences. 

Department op Plant Pathology, 

Maryland Agricultural Experiment Station, 

College Park, Maryland. 
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HETEROTHALLISM IN CORN RUST AND EFFECT OF 
FILTERING THE PYCNIAE EXUDATE" 

GeorgeB.Cummins2 

Since the presence of heterothallism in the Uredinales was discovered 
by Craigie (3) the question of jnst what takes place to cause the forma- 
tion of aecia has remained unanswered. Craigie (4) subjected the pyenial 
exudate to a temperature of 70° C. and found that no stimulatory action 
was retained, the temperature supposedly being sufficient to kill the 
pycniospores. Prom this he concluded that the living pycniospores were 
essential. Arthur (2, pp. 242-243), in discussing the question, raised the 
valid objection that these results were inconclusive, as a temperature of 
70° c. is considerably above that necessary to inactivate most enzymes. 
Sinee enzymes or similar substances are known to be present in the pyenial 
exudate, he suggested that these may furnish the necessary stimulation 
for aecia formation. 

By the use of Craigie’s methods, it has been found that corn rust, Puc- 
cinia sorghi Schw., which has as its alternate host, oxalis (Xanfhoxalis 
stricta (L.) Small), is apparently heterothallie. In unpublished work 
Mains had previously reached the same conclusion. Oxalis plants were 
subjected to infection from suspended hibernated telial material and were 
then moved to cloth-covered cages to reduce the chance of contamination 
by insects after pyenial pustules appeared. Sterile needles were used to 
transfer exudate from one pustule to another. Of the 52 pustules treated 
by transfer of exudate, 39, or 75 per cent, formed aecia and 13 did not. 
Of the 42 pustules left untouched, 6, or 14.3 per cent, formed aecia and 36 
did not. Thus, mixture of the pyenial exudates definitely stimulated aecia 
formation. 

In order to determine whether or not the formation of aecia might be 
due to the presence of some enzyme in the pyenial exudate, the latter was 
filtered to remove the pycniospores. In preparation for this, two groups 
of oxalis plants were inoculated, one heavily, to serve as a source of exudate, 
and one very lightly. The lightly infected plants were immediately placed 
in cloth cages and kept separate from the heavily infected plants. When 
pyenial exudate became abundant, it was removed from the heavily in- 
fected plants by scraping the pustules with a flattened needle or a small 
scalpel. The exudate thus collected was mixed with a few cubic centi- 

1 ContributiorL from the Botany Department, Purdue University Agricultural Ex- 
periment Station, La Payette, Indiana. 

2 The writer makes grateful acknowledgement to Dr. E. B. Mains for suggesting 
tke problem and to Dr. J. C. Arthur for helpful criticism of the manuscript. 
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meters of distilled water to form a relatively concentrated mixture. Part 
of this .was filtered through a small Berkefeld filter and the filtrate coh 
lected in a small glass vial. 

Because of the small quantity of the mixture a modification of the usual 
method of filtering was employed. The method and the apparatus are 
essentially those of Martin, as described and illustrated by d’Herelle (6, pp. 
22-23). A 2-inch Berkefeld filter of small diameter was suspended in a 
250 cc. evacuation flask and the metal shaft was inserted into a small rubber 
stopper, which, in turn, could be inserted into a glass tube of suitable diam- 
eter. This tube was run through a rubber stopper of the size required by 
the flask. A small vial was tied over the lower end of the filter and the 
mixture was poured into the filter through the glass tube. By applying 
suction a small amount of the mixture could readily be filtered. In order 
to insure the efficiency of the filter, it was tested with a bacterial suspen- 
sion. To accomplish this the entire apparatris was sterilized in the auto- 
clave; the bacterial suspension was then filtered and the filtrate plated 
under sterile conditions. The fact that no bacterial colonies developed on 
the agar plates was considered sufficient proof that the apparatus was 
filtering properly. The filtered pycnial exudate was carefully examined 
with a microscope and no pycniospores were found. 

On the lightly infected group of oxalis plants certain isolated pustules, 
presumably of monosporidial origin, were treated with the filtered exudate 
and others with the nonfiltered exudate. The exudate was applied with 
needles that were sterilized between each operation. The plants were then 
kept in cages until aecial counts w-ere possible. Of the 10 pustules treated 
with the nonfiltered exudate all produced aecia in the usual time, as would 
he expected, since the mixture contained exudate from many pycnia. Of 
the 28 pustules treated with the filtered exudate none showed aecia in the 
usual 10-day peiuod hut 8 developed scattered aecia when held for an ad- 
ditional 1 to 3 weeks, though the aecia -wliich actually opened and dis- 
charged spores usually were few and scattered on any one area. 

Why 8 of the pustules treated with the filtered exudate produced aecia 
is unknown, but in all such experiments on the rusts a few scattered aecia 
have appeared where they were not expected, especially if held beyond the 
time required for normal aecia formation. Craigie (5) found that delayed 
development of aeeia in nontreated pycnial pustules in Puccinia graminis 
Pers. was not uncommon, and Allen (1) reports irregular appearance of 
aecia in otherwise sterile pustules. 

The results here reported indicate that Puccinia sorglii is heterothallic 
and that the formation of aecia cannot be explained on the basis of an 
enzymatic stimulation, as the pycnial exudate, wliich was freed from 
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pyeniospores witliout inactivating its enzymes, lost its stimulatory action, 
and therefore substantiate Craigie’s conclusion that the presence of living 
pyeniospores is essential. 

Purdue University, 

La Fayette, Indiana. 
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NEW OR UNUSUAL SYMPTOMS OP VIRUS DISEASES OP 

RASPBERRIES 

George L. Zundel 


While working on the control of virns diseases of raspberries in Penn-j 
sylvania, some unusual reactions have been encountered, which, it seems to 
the writer, may be of more than passing interest. 

In the spring of 1929, the raspberry patch of A. S. Seip, Wernersville, 
Pa., showed in an old planting of Cumberland raspberries an unusual type 
of mosaic to which the writer has since applied the term ^ ^ fern-leaf ^ ’ mo- 
saic, The leaves were dwarfed and the tissue between the veins was wrin- 
kled and unusually dark green. The serrations of the leaflets were accen- 
tuated, giving them a fern-leaf appearance. All parts of the infected 
plants, including the canes, w^ere very brittle, and the plant appeared much 
dwarfed. The general appearance of such a plant is shown in figure 1, A. 



Pig. 1. ' ^Fern-leaf ’ ' of raspberry. A. Diseased twigs. B, Diseased leaves compared 

with a bealtby leaf. 


In figure 1, B, is shown the relative size of diseased and healthy leaves. 
The fruit also was dwarfed, dry, crumbly, and tasteless. 

Mr. Seip is the only farmer in his locality who grows melons and 
cucumbers. For several years past his cucurbit patches have been adja- 
cent to the infected raspberry patch. It is therefore suspected that the 
fern-leaf symptom is the result of infection of the raspberries by the virus 
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of cucurbit mosaic. This assumption is based upon the fact that Mogen- 
dorff^ has recently proved that fern-leaf mosaic of tomatoes is caused by 
the transfer of cucurbit mosaic to tomato plants. The similarity of the 
symptoms on the raspberry and on the tomato will be seen by comparing 
figure 1, A, with figure 2, A, which is a photograph of fern-leaf mosaic of 



Pig. 2 . ^ ^ Witches ^-brooni^^ of respberry. A. General appearance of diseased plant. 

B. Showing detail of witches ^-broom^^ together with abnormal 
amount of foliage. 


tomatoes collected in the greenhouse of the Pennsylvania State College 
from a plant adjacent to the cucumber bed. 

Another interesting case was found in the Cninberland raspberry patch 
of John G-. Dietz, Piclgway, Pa., July 24, 1930. Attention was attracted to 
a single plant having an unusual amount of foliage. An examination 
showed that most of the side hranches of the canes had been replaced by a 
large number of ''spindle sprouts” forming a witches ’-broom type of 
growth. Many of the spindle sprouts Avere 12 inches long. The plant was 
3 feet tall and had produced an unusually large crop of dry, bitter berries 
which had entirely lost all normal flavor. The canes had the character- 
istic blue color, and many of the leaves showed the usual dovmward curling 
of the tips also characteristic of streak. While witches ’-brooms have never 
been described in connection with streak, it seems probable from the color 
of the canes and the leaf character that this is merely an unusual mauifes- 
tatioii of the streak virus. Mottling of the leaves was not very evident. 

iMogendorff, K. ^ ‘ Fern-leaf ^ ’ of tomato, Pbytopatb. 20: 25-46. 1930. 
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Fig. 3. ‘ ^Fern-leaf of tomato. A Diseased branch. B. Healthy leaf. 

Figure 3, A, shows the general appearance of the plant; figure 3, B, shows 
the witches ’-broom growth, together with the unusually abundant foliage. 

The Pennsylvania State College, 

State College^ Pennsylvania. 




PHYTOPATHOLOGICAL NOTES 


Tylenehus dipsaci on Hypochaeris radicata -in Hawaii. — The bulb- and 
stem-infesting nematode Tylenehus dipsaci was reported by Godfrey and 
MeKay^ on Hypochaeris radicata along the Pacific Coast, all the way from 
Washington into California. More recently (1926 and 1928) the writer has 
found it on this same weed on the lawns at the University of California. 
In the fall of 1930 this plant occurred in great abundance in meadows at 
Olinda, Maui, on the slopes of Haleakala, at an altitude of 4,000 feet. A 
casual observation disclosed the fact that more than 50 per cent of the 
plants examined were heavily infested with the stem nematode. (Identifi- 
cation of the organisms was verified by examinations in the laboratory.) 
Typical swellings were found in leaf blades and midribs and in flower 



Fig. 1. Tylenehus dipsaci in Hypochaeris radicata. A. liongatndiiial seetion tlirongli 
a flower head, showing heavy infestation with nematodes within and beneath the recep- 
tacle. B. Section through a swelling on the side of a leaf midrib, showing a ' ^pocket 
of nematodes within the leaf tissues. C. Section showing a similar pocket in the leaf 
mesophyll. All materials killed in Flemming solution and cleared in clove oil, to show 
nematodes in their natural position. 

1 Godfrey, G. H., and M, B. McKay. The stem nematode, Tylenehus dipsaoi, on. 
wild hosts in the Northwest. IT. S. Dept. Agr. Bui. 1229. 1924. 
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peduncles. Many infested flower heads were found, as with those reported 
by Godfrey in this plant and in true dandelion, Taraxacimi officinale. 
There is little doubt that extensive distribution in the infested region has 
occurred by means of seed transmission. Whether or not original infesta- 
tion came to the Islands by this means is an interesting conjecture. The 
accompanying photographs of plant materials killed with Flemming’s solu- 
tion and cleared in clove oil show to good advantage the nature of the 
nematode infestation— G. H. Godfrey, Experiment Station, Association of 
Hawaiian Pineapple Canners, Honolulu, T. H. 


PEOFESSOE McGINTY BE PHAEMACIEN FEECHOU^ 

Among the papers published in Phytopathology occasionally there is 
one which strengthens the conviction that, while some of the older genera- 
tion of mycologists may have been shown the error of their ways through 
the pointed comments of my late friend C. G. Lloyd, our more recent 
workers, alas, require a like discipline. For example, in the April number 
there is a brief note by a William H. Weston, Jr., wTitten in a style tinged 
here and there with unseemly frivolity and showing greater interest in the 
merely human than in the scientific aspects of investigation, which begins 
with the sentence '‘It was in 1878 and 1879 that Scl&ros'pora graminicola 
(Sacc.) Schroet. was first reported from Italy, from France, and from 
Germany.” Now I do not Imow much about this writer, save that he 
apparently is afflicted wuth the urge to add his name to species of Sclero- 
spora, but I notice that he is quite ready in this note to criticize the work of 
others and so he should welcome my calling attention to the following 
facts in connection wnth his opening sentence. It was in 1876 that P. A. 
Saccardo in his "Fungi Yeneti Novi Yel Critici,” Series 5, in. the Nuovo 
Giornale Botanico Italiano 8, p. 172, described Protoniyees girmiinicola 
which had been collected at Selva in September, 1875, on Setaria verticillaia 
and listed as No. 496 in his "Myeotheea Yeneta” ; while, in 1875, J. Urban 
in Licliterfelde, near Berlin, had collected similar material on S. viridis 
which he sent to P. Magnus -with a letter of description on the basis of 
which Magnus described TJstilago (?) JJrlani in 1879,* and in August, 
1877, at Freclerickshain, near Berlin, E. Ule collected the same fungus 
which W'as issued under TJ. Urlani of Magnus as No. 2498 of Eabenhorst’s 
"Fungi Europeae.” 

2 Godfrey, G. H. Dissemination of the stem and hulb infesting nematode, Tylenclms 
dipsaoij in the seeds of eertain composites. Jonr. Agr. Ees. 28 : 473 - 478 . 1024 . 

1 Published at the expense of William H. Weston, Jr., out of the order de- 
termined by the date of receipt of the manuscript. 
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Moreover, eYen though Weston, in 1921, had indeed called attention in 
his paper on ''Production and Dispersal of Conidia etc.'' to Prillieux's 
report of germination, he seemed to have forgotten his own reference to it 
hy 1928, for in the Journal of Agricultural Research, June, 1928, in con- 
nection with the downy mildew on Everglade millet in Florida, he says 
(p. 954) of the oospores of ^cl&rospofa graminicolaj "The part these 
spores play in the life history of the fungus has not been worked out in 
all its details and the actual method of germination has not been reported 
or investigated." It would be better for mycology if writers such as the 
one in question paid more attention to strict accuracy in the details of 
their publications rather than to imaginative speculations as to the activi- 
ties of pharmacists long since dead. — Professok Alotsius T. McGinty. 

The renewal of Professor McGinty's activities should be hailed with 
interest and enthusiasm by all mycologists and plant pathologists. In 
this instance his criticism is entirely just. — William H. Weston, Jr., 
Laboratories of Cryptogamic Botany, Harvard University. 

Occiirrenoe of CadopJiora fasiigiaia in Canada. — In their work on blue 
stain in pine and spruce in Sweden, Lagerberg and MeliiP describe for the 
first time the fungus Cadophora fasiigiaia L. et M., nov. gen. et sp., and 
report its widespread occurrence in that country as a causal agent of blue 
stain in softwoods. Otto Kress ei al.,^ in their study of decay in pulp, had 
previously described and figured an unnamed fungus which they had fre- 
quently found causing grey spotting of ground wood and sulphite pulps in 
the United States. Lagerberg and Melin consider this fungus to be iden- 
tical with their G. fastigiata. The fungus is represented, therefore, in both 
Europe and America. 

Cadophora fasiigiaia has recently been isolated by the writer from 
stained sapwood obtained in Canada from the following species: Wliite 
spruce, Picea canadensis (Mill.) B. S. P. white pine, Pimis sirol)us Linn. ; 
jack pine, P, Banhsiana Lam. ; and Douglas fir, Pseiidoisuga iaxifolia 
(Lam.) Britton. 

When grown in pure culture on sapw'ood blocks of white pine, Pimis 
sirodus, and red pine, P. resinosa Aiton, Cadophora fasiigiaia produced 
an intense grey-green stain. It also stained to some extent culture blocks 
of black spruce, Picea maadana (Mill.) B. S. P., sapwood. 

It is very probable that fungus is responsible for a considerable 
amount of the sapwood stain found in Canadian softwood lumber. — E. A. 
Atwell, Forest Products Laboratories of Canada, Ottawa, Canada. 

1 Lagerberg, T., G. Lundberg, and. E. Melin. Biological and practical researelies 

into blueing in pine and spruce. Svenska Skogsvardsfbr. Tidskr. 25: 145-272. 192/ . 

2 Kress, Otto, et at Control of decay in pulp and pulpwood. IT- S. Dept. Agr. 

Dept. Bill. 1298. 1925. 




BOOK REVIEWS 


Maximov, N. A. A Textbook of Plant Physiology. Edited by A. E. Miir- 
neek and E, B. Harvey, vii-xvi -h 381 pp., 152 figs. Edition L Mc- 
Graw-Hill Book Company, Inc., New York and London. 1930. 

This English translation of the first edition of Dr. N. A. Maximov’s 
'^Textbook of Plant Physiology” constitntes an interesting addition to our 
relatively few texts on plant physiology. Dr. Maximov is a professor in 
the Pedagogical Institute of Leningrad and Director of Plant Physiology 
of the Bureau of Applied Botany, IT. S. S. R. His world-wide recognition 
as an authority on the ecological relations of plants, espeeially in the field 
of water relations and drought resistance, makes his book of more than 
ordinary interest. 

Following an introduction that points out the close interrelationships of 
plant physiology with other sciences, both fundamental and applied, there 
are four major divisions. The first, entitled ” Absorption of Matter and 
Energy,” deals with the plant’s synthesis of organic compounds from inor- 
ganic materials. The sources and utilization of carbon and nitrogen and 
of mineral elements are discussed in the three chapters of this section. 
The second major division, Water Relations of the Plant,” is of special 
interest, embodying the results of the author’s distinguished contributions 
to knowledge in this field. After a chapter dealing with the concept of the 
cell as a colloidal osmotic system, there are three chapters dealing with the 
absorption, loss, and translocation of water in the plant. The third divi- 
sion, ^^Utilization of Reserve Products and Liberation of Energy,” begins 
with a chapter dealing with the storage of substances in seeds and other 
organs, their mobilization through the agency of enzymes, their utilization 
in the production of new living matter, and their deposition as food re- 
serves in the seed at the end of the cycle. The second chapter in this sec- 
tion deals with respiration. The fourth and final major division, ‘‘Growth, 
Movement, and Reproduction,” carries the story through the outward 
manifestations of the absorption, production, and utilization of nutritive 
substances. 

This text has many advantageous features that will recommend it to 
certain groups. It seems specially adapted to those whose primary inter- 
ests are in the field of ecology rather than in the physico-chemical aspects 
of plant physiology. The data and illustrations are frequently drawn from 
the fields of agriculture and forestry, and the text emphasizes the applica- 
tions of theory to the applied science. There is a very thorough treatment 
of the water relations of plants, including an exposition of the fundamental 
properties of colloids. There are excellent discussions of drought and of 
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cold resistance and of the practical problems of plant propagation. Phyto- 
pathologists will find good discussions of the physiology of parasites and 
saprophytes. 

There seem to be no serious criticisms to be made of the content of the 
book. Some subjects receive scantier attention than those specially inter- 
ested in them might wish, such as physiological correlation, photoperiodism 
from the standpoint of its formative effects on growth, and the significance 
and nature of the buffer system or acid-regulating mechanism in plants. 
Those who do not favor the assumption of special hormones to explain the 
different physiological processes involved in growth and reproduction will 
criticise the frequent occurrence of this word in the last three chapters of 
the book. On the whole, there is considerable reserve in referring to the 
newer contributions, although half a page is devoted to a discussion of the 
unsubstantiated wnrk of Pop off on growth stimulants. 

A few inaccurate statements might be noted here. On page 126 typo- 
graphical errors are probably responsible for the omission of minus signs 
in the statements that winter cereals are able to stand 15 to 20° C. and that 
certain dormant organs, including the needles of conifers, freeze at 15 to 
20° C. A misplaced semicolon in the third sentence on page 95 is respon- 
sible for an unfortunate ambiguity. In the discussion of amylose (p. 204) 
the characteristics of the two forms, a and |3, have been confused. The 
relatively insoluble ^‘skeleton’’ of the starch grain which gives a violet 
color with iodine is known as a-amylose or amylopectin, while the 3-amy- 
lose is the more soluble ‘‘basic mass” of the grain. On page 345, the use 
of the words “struggle” and “antagonism” would seem to convey an im- 
proper conception of the chemical interrelationships involved in the transi- 
tion from vegetative to reproductive phases of growth. On page 69 the 
author doubtless meant to say that the inorganic phosphorus in the plant 
is largely in the form of phosphates, not free phosphoric acid. 

On the whole, the text is well organized and interestingly written, al- 
though its usefulness would be increased by a more complex index. For 
instance, casual inspection has shown that the subjects of aluminum and 
iron availability, amylose, hydrogen-ion concentration in plants, and at 
least six references to hormones are not included in the index. 

The illustrations are not very good. The half tones are mediocre, and 
the drawings, often redrawn from other sources, are poorly executed. Also, 
some of the illustrations are inadequately explained. 

From the reviewer's point of view, a fault in the book lies in its fail- 
ure to include citations to literature. Of the authorities mentioned by 
name, many afe Russian. Complete citations to this literature w^ould add 
to the value of the book to investigators, but the absence of even a date to 
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help locate these sources distinctly lessens the usefulness of the book in this 
respect. At the head of the scanty list of reference books and periodicals, 
it is stated that those in Russian are omitted because students in elemen- 
tary plant physiology are not as a rule prepared to read effectively scien- 
tific articles in a foreign language. Many will doubt whether the omission 
of citations to this literature, specifically referred to in the introduction by 
the editors as a ''pedagogical merit, is desirable. It would seem that a 
student mature enough to be in a university course would not have his at- 
tention unduly distracted by references to literature. 

While the author shows himself in sympathy with the immediate prob- 
lems of crop improvement, at the same time he is obviously aware of the 
value of fundamental discoveries such as those being made in the fields of 
theoretical physics and chemistry. References to the quantum theory in 
the discussion of the mechanism of photosynthesis, to the Donuaii theory 
of membrane equilibrium to explain the entrances of substances from the 
soil into roots, and the application of the facts of colloid chemistry to the 
problems of the water relations of plants are typical of discussions which 
indicate his familiarity with the recent concepts of the analytical as well 
as the descriptive phases of plant physiology. Wliile it may be said that 
some of the cliscnssions are characterized by overemphasis of the author ^s 
own point of view, it should be added that on more than one of the moot 
questions he has qualified himself to speak with authority. — Annie M. 
Hurd-Karrer, Bureau of Plant Industry, Washington, D. C. 
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SPORE G-ERMINATION OP PUCCINIA GLUMARUM WITH NOTES 
ON RELATED SPECIES" 

tf, M* Raeder and W. M. Bever2 
INTRODUCTION 

According to Himiphrey, Hungerford, and Jolinson (13), stripe rust, 
Puccinia ghimanm (Sehm.) Eriks, and Henn., was first described in 
Europe by Sclmiidt (24). He, apparently, was cognizant only o£ the nre- 
dinial stage, for, in describing the fungus, he named it Uredo glumarum. 
Eriksson and Henning (6), in 1894, having discovered the telial stage, re- 
classified the organism and named it Puccinia glumarum. 

Believing the non-existence of stripe rust in the United States east of 
the 103rd meridian might be explained on a basis of specific and inherent 
sensitiveness of the organism to environmental factors rather than its host 
relationships, the writers have sought to determine the efiect of a partially 
controlled environment on the longevity and germination of both uredinio- 
spores and teliospores. It seemed important to know more concerning 
their viability and longevity under controlled conditions, not only as an 
effort to explain the absence of stripe rust in the Central and East- 
ern States, but also because of the application of the results to future re- 
search on this rust. A study of the germination of the teliospores was 
updertaken primarily to ascertain the optimum conditions for their germi- 
nation and the development of the sporidia. This phase of the investiga- 
tion was deemed preliminary and necessary to the proper carrying out of 
any organized investigation of the relation of Puccinia glumartim to a pos- 
sible alternate host. The discovery of such a host may also throw some 

1 Cooperative investigations between the Idaho Agricultural Experiment Station and 
tlw Bivision of Cereal Crops and Diseases, Bureau of Plant Industry, United States- 
Department of Agriculture. Approved for publication by the Director of the Idaho 
Agricultural Experiment Station as Research Paper No. 63. 

2 The writers wish to express their appreciation to Dr. C. W. Hungerford, Plant 
Pathologist of the Idaho Agricultural Experiment Station, for valuable suggestions dur- 
ing the progress of these investigations, and to Dr. H. B. Humphrey, Division of Cereal 
Crops and Diseases, United States Department of Agriculture, for criticisms of the 
manuscript during its preparation. 
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nuTcli-needed light on the question of the present distribution of stripe rust 
in North America. This alternate host, if there be one, may be adapted 
only to climatic and soil conditions more or less peculiar to the Pacific and 
Intei‘mountain States. These investigations included, in addition to the 
urediniospores of P. gliimaruniy those of P. gram/mis and P. tntievm. 
The teliosp ore-germination tests were confined solely to teliospores of 
P. glimiarum. 

Stripe rust has long been recognized as one of the most destruc- 
tive cereal diseases in Europe, its importance there being comparable to 
that of bunt of wheat in the United States. Eeports from the major wlieat 
areas of Argentina show the occurrence of stripe rust in moderate to severe 
epiphytotics (14). Although stripe rust is known to occur in the United 
States only in the Pacific and Intermountain States, it is potentially veiy 
important to the major wdieat-growing areas east of the Rocky Mountains 
where, by chance, it may some day be introduced by interstate crop trans- 
portation or from other parts of the world where stripe-rust epiphytotics 
commonly occur. 

The severity of strijoe rust in the Western Hemisphere is diqoendent 
largely on climatic conditions of the current crop year. In 1928 H, B. 
Humphrey of the United States Department of Agriculture and tlie senior 
writer inspected wheat fields in the Flathead Valley of Montana where 
stripe rust was present in severe epiphytotic form. Otlier observations, 
made in various sections of the Pacific Northwest, indicated no little dam- 
age from this rust. 

In the apparent absence of the aecial stage of Ftwcyinia glmuarum there 
is sufficient evidence to show how the organism might overwinter. Eriks- 
son and Henning (6) were of the opinion that the severity and extent of 
an epiphytotic were more directly dependent on hibernating niycelium tlian 
on surviving urediniospores. Huugerford (15), Rostrup (22), and Heeke 
(9, 10) agree that the mycelium is able to witlistand adverse cr)iicliti()n8. 
Although the evidence presented by Biffen (2) and Ivlebalin (If)) is not so 
convincing, they claim that urediniospores play a part in th(‘ perpet ual ion 
of the fungus and may subsequently act as a source of iuftM'Uon. l!ung(u> 
ford (15), however, reports the finding of viable nr(Hli)iiosi)ores duiang tlie 
months of September, 1917, to July, 1918, in western Oregon, 

GERMINATION OF UliEDINIOSPORES 

Historical: Information concerning the germinability and longevity of 
nrediniospores of Puccinia ghtmarxim is very meager. Early European 
data are limited and confusing. Always there is a question regarding the 
identity of the particular species of the rust under consideration. Eriks- 
son and Henning (6), quoting the data of earlier investigators or that of 
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their contemporaries, state that the germination of rmediniosp ores lasts 
from 2~3 days (Wolff, 1875) to 8 months and 12 days (Barclay, 1891). 
Eriksson (7), himself, secured good germination of urediniospores of P. 
(//.irmciram after cooling them for some time. 

Probably the most accurate data available are those recorded by Hun- 
gerford (15), who states that ‘‘germination tests with urediniospores of 
stripe rust show that when the leaves of the infected host are kept in her- 
barium packets at ordinary room temperature the spores may remain viable 
at least 58 days. Urediniospores on leaves of wheat kept in open vials in 
a desiccator gave a slight percentage of germination at the end of 63 days. 
Urediniospores taken from wheat leaves, placed on glass slides and kept in 
a protected place in the laboratory, gave a trace of germination in 
23 days.’^ 

Spore-Germination Technique: Melhus and Burrell (18) obtained a 
higher percentage of germination of urediniospores of Pucciniu coronaia 
in distilled or redistilled water than they did in tap water. Tap water at 
Ames, Iowa, was distinctly toxic to the urediniospores of P. coronata. 

In an effort to discover a satisfactory method of germinating the ure- 
diniospores of Puocinia ghtmarum iov subsequent use in spore viability 
studies at Moscow, some experiments involving the employment of ordinary 
tap water, distilled water, and rain water were conducted. In the pre- 
liminary attempts the percentage of germination in tap water was higher 
than in distilled water. In these tests uredinial material was stored at 
diiferent temperatures. Two spore cultures were made for each tempera- 
ture; one ill distilled water, the other in tap water. These cultures were 
made merely by scraping the spores from the leaves into a drop of water 
on a glass slide and covering them with a cover-glass. The slides were 
placed in Petri dishes lined with moistened filter -paper and then placed in 
the refrigerator. No attempt was made to culture spores of the same age. 
Ill vicnv of tlie fact that absence of free air inhibited germination, the eover- 


TABLE 1 . — Comparative effect of distilled and tap water on the germmaiion of 
uredmiospores of Puccinia glumanim at Moscow, Idaho 


Stoxfige 
temperature 
' ^ C. 

Number 

of 

trials 

Percentage of 
germination in 
distilled water 

Percentage of 
germination in 
tap water 

Number 
of spores 
counted 

3 

2 

10.2 

14.7 

2,000 

12 

2 

18.0 

24.5 

2,000 

,15 

2 

14.2 

19.4 

2,000 

22 

2 

10.8 

15.3 

2,000 

30 

2 

6.0 

8.7 

2,000 
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Pig. 1. A camera-lueida drawing of germinating iirediniospores of Pu^ccjinta //^u- 
marttm,. Tliese germinating apores are representative of those described as being kept 
in an air-tight chamber (Pig. 2) containing a relative lininidity of 49 pei’ cent and a 
temperature of 9® to 13° C. x 1,250. 

glass was disearded in subsequent tests. Table 1 and figure 1 sliow the 
effect of the medinm on germination and results obtained in the first 
attempts to germinate urediniospores. 

Subsequent attempts to germinate urediniosj)ores in rain water <ind in 
tap water gave 9.8 per cent germination in the one and 115 per CGiit in tlie 
other. A total of 4,000 spores was counted i*i ciciterinining these |)er“ 
centages. 

Longevity of nredmios'pores : Peltier (20) states that the highest per- 
centage of germination and the longest viability period of the uredinio- 
spores of form 3 of Puccinia graminis tritici occnrred at a medium relative 
humidity. The results Hungerford (15) obtained with the urediniospores 
of P, ghtmarum have already been quoted. Hart (8) states that the 
optimum temperature for urediniospore germination of Mdampsora Uni 
(Pers.) Lev. is about 18° C. Fairly abundant germination obtains within 
the range of 6° to 23° C. The minimum lies near 0° (1 and the maximum 
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temperature is about 26° C. Under favorable conditions these spores re- 
tain their viability almost 3 months. They lose it more rapidly at high 
than at low temperatures. They also retain it longer at relative hninidities 
of 40 and 60 per cent than at 20 and 80 per cent. 

In attempting to determine the effect of various humidities on longevity 
air-tight chambers (Fig. 2) containing various strengths of sulplitirie aeicl 
were employed. Humidities were obtained according to Stevens ( 24 ). 
Tumblers containing small vials in which the spore material was eontained 
were placed in the various sulphuric-acid solutions. The whole was sealed 
with a greased ground-glass cover. The several temperatures were obtained 
in an ice room^ refrigerator, storage basement, open laboratory, and an in- 
cubator. In addition to the urediniospores of Pticcinia glumanim, those 
of P. graminis phlei-pratensis Eriks, and Henn. and P. hiUcins were used 
in 1927; and P. graminis iritici and P. trUicina in 1928. Cultures were 
made in the manner described above; i.e., the spores were placed in drops 
of tap water on glass slides wdiich were placed in improvised Petri-dish 
moist chambers. Table 2 presents the results obtained from 2 years’ study 
of the effect of temperature and humidity on the longevity of tlie iiia-Mliuio- 
spores of the four rusts listed above. 

In examining the results presented in table 2 it will be noticed tliat, 
under the conditions of the experiment, the urediniospores of Puccmm 
glumarum are not so long-lived as are those of the other three rusts. The 
spores of P. glumarum remained viable 88 days at a relative liumidity of 
49 per cent and a temperature of 9° to 13° C. Those of P. gramink phlek 


TABLE 2 . — The effect of various tempei’atures and relative ImmidiUes an the loriffeviti/ 
of urediniospores of Puccinia glimanm, P. graminis phUn-prafrusis, 7\ gramiitis 
iritici^ and P. iriticina, at Moscow, Idaho, in 1907 and IfKjS 


Eela- 

tive 

liUDiid- 

ity 

OVEX 



29 to 8 

;11° 0. Iil27 jniil 

1928 


Puccinia 

glumarum 

p. 

frifioiaa 

P. grarnin fs 

phUrir 

prat Oil sis 

gram inis 
iritici 

Looae 

spores 

Spores 
on leaf 


Number of days 

urediniospores reniahunl viabl (‘ 



1927 

1928 

1927 

1928 

1927 

1928 

1927 

1928 

100 

Mold 

Mold 

Mold 

Mold 

Mold 

M:old 

Mold 

M:old 

76 

6 

21 

0 

8 

30 

32 

9 

23 

49 

6 

28 

11 

35 

32 

35 

26 

32 

25 

0 

14 

5 

25 

20 

25 

26 

28 

1.5 

0 

25 

0 

23 

4 

18 

21 

18 

Control^ 



14 

16 
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DARK ROOM 


13° to 26° C. 1927—23° to 26° C. 1928 



1927 

1928 

1927 

1928 

1927 

1928 

1927 

1928 

11)0 

3 

Mold 

Mold 

Mold 

4 

Mold 

2 

Mold 

76 

10 

36 

20 

32 

21 

32 

28 

25 

49 

8 

18 

44 

42 

33 

35 

28 

52 

25 

6 

18 

27 

18 

30 

25 

38 

28 

1.5 

0 

18 

3 

11 

16 

21 

26 

34 

Control 



31 

25 






REFRIGERATOR 


9° to 13° 0. 1927 and 1928 



1927 

1928 

1927 

1928 

1927 

1928 

1927 

1928 

100 

14 

11 

4 

11 

8 

4 

7 

5 

76 

16 

53 

51 

69 

75 

104 

111 

124 

49 

12 

60 

75 

88 

107 

118 

120 

128 

25 

10 

53 

35 

63 

77 

110 

117 

114 

1.5 

0 

52 

30 

56 

36 

71 

117 

62 

Control 



31 

45 






100 

76 

49 

25 

1.5 

Control 


14 

16 

12 

12 

0 


1927 


100 

76 

49 

25 

1.5 

Control 


5 

12 

10 

6 
0 


BASEMENT 


9° to 21° C. 1927—3° to 11° C. 1928 


1927 1928 1927 1928 1927 


4 

57 

60 

48 

39 


1928 


4 

23 

27 

12 

0 


4 

44 

53 

33 

33 

16 


4 

68 

78 

60 

41 

22 


3 

63 

88 

69 

42 


1928 


6 

118 

124 

105 

71 


1927 


15 

69 

88 

76 

62 


ICE ROOM 


-2° to 5° C, 1927 and 1928 


1927 


14 

15 
6 
4 
7 


1928 

8 

48 

48 

13 

12 

38 


1927 


11 

21 

17 

19 

11 


1928 


8 

49 

44 

32 

8 


1927 


9 

26 

16 

26 


1928 


0 

120 

126 

110 

73 


1928 


5 

85 

42 

35 

8 


‘I Material in packets, held at the various temperatures, outside the humidity 
chambers. 
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praUnsis and P. graminis tritici under tlie same conditions remained viable 
120 and 128 days, respectively. Urediniospores of P. tritioina remained 
viable 124 days in a relative humidity of 49 per cent and at a temperature 
of 3° to 11° C. 

It will be noted also that a considerable difference in results was ob- 
tained in the 2 years’ tests. In nearly every ease the period of viability 
of each rust was longer in 1928 than in 1927. Two factors may have been 
responsible for this. First, the age of the spores at the beginning of tlie 
tests may have influenced the results. Second, the temperatures were held 
more constant in 1928 than in 1927. 

In 1928, when those spores, held at a relative humidity of 49 per cent 
and at a temperature of 29° to 30° C., had ceased germinating, they were 
subjected to temperatures of 9° to 10° C. without removing them, from the 
original humidity chambers. Cultures were made after the spores had 
been exposed to the latter temperature for 48 hours. The urediniospores 
of all three rusts resumed germination. Those of Puccinia glumarum ger- 
minated throughout 6 more days ; those of P. tnticina, 8 more ; and those of 
P. graminis iritici, 11 more days. The spores in the 49 per cent humidity 
chambers, held at near zero C., also were transferred to room temperature 
(23° to 26° C.), after the spores had ceased germination at the original 
temperatures. After 48 hours’ exposure, germination was resumed. The 
spores of P. glumarum germinated for 4 more days ; those of P. triticina, 
6 days ; and those of P. graminis iritici, 6 days. 

GERMINATION OP TELIOSPORES 

Historical: Eriksson and Henning (6) were undoubtedly tlie fiivst to 
report the germination of the teliospores of Puccinia glumarum. Prior to 
their investigations, according to them, it was commonly Indieved tliat the 
teliospores of the collective species P. rulngo-vera gcrminatiMl only after a 
resting period, i.e., during the spring following tin; season of tlieii: forma- 
tion. These investigators, having separated P. rultigo-vcm into several 
species, discovered that the teliospores of P. glumarum, unlike those of P. 
rubigo-vera, germinated without having to pass through a dorniaiil; period. 
Not all of the spores germinated in the fall. Eriksson and Henning (6) 
observed that a small percentage of teliospores of P. glumarum would ger- 
minate immediately after they had formed, while others apjiarently laid 
dormant until the following spring or fall. This, however, is not an un- 
usual phenomenon in the genus Puccinia, for the spores of P. dispersa 
Eriks, and Henn. (17) possess the same ability. Other cereal rusts, such 
as P. graminis (7), P. corcmafa Corda (11), and P. triticina (17), produce 
teliospores that require a resting period before they will germinate. 
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Very little has been done to determine the viability of teliospores of 
Puccinia ghmarum as well as the optimum conditions for their germina- 
tion, together with sporidial formation. In view of these facts, a rather 
comprehensive study of this phase of the problem was undertaken. Such 
a study was intended to give definite data on the optimum conditions for 
germination of teliospores and sporidial formation and to serve as a pre- 
liminary procedure necessary to any proper investigation of the relation 
of P. ghmarum to possible alternate hosts. 

Preliminary ieliospor e-germination tests: Teliospores of Puccinia glu~ 
marum were first germinated, after a number of preliminary trials, in the 
fall of 1926. Material was collected on September 5, 1926, and tested the 
same week merely by placing the spores in tap water on a glass slide in a 
Petri dish lined with moistened filter-paper. This improvised moist cham- 
ber was then placed in the refrigerator. The spores were taken from 
Hordeitm juiatum L. The percentage of germination was not determined. 
This method differed somewhat from that of Eriksson and Henning (6), 
for they did not remove the spores from the host matrix but permitted 
them to remain intact. The spore-bearing material was cut into small 
pieces and placed in water or in contact with moist soil. 

Because of the response obtained with the spores from Hordeum 
jiibaium, as noted above, another preliminary test was made with telio- 
spores from Ginna latifolia (Trev.) Griseb. This specimen was collected 
on September 12, 1926. The spores were tested the following day and ger- 
minated within 2 days. The percentage of germination was again unde- 
termined. In neither of the above cases would the percentage of germina- 
tion have exceeded 5 per cent. 

In an endeavor to determine the course of the viability of teliospores 
the senior writer collected telial material of Hordeum j%ibaium in the grass 
garden at Moscow, Idaho, on September 21, 1926. As is generally the case, 
the sxoores on this host develo^oed on the leaf sheath, and this facilitated 
the experimental use of the material. The latter was divided into two 
groups and stored as follows : Group 1 — in refrigerator ; group 2— -in incu- 
bator (28° C.). 

Periodic germination tests were made with this material beginning 
September 21, 1926. On September 27, 1926, cultures were made from the 
rust-infected Hordeum juloatum collected September 5, 1926, and that col- 
lected September 21, 1926. In both cases the percentage of spores germi- 
nating was equivalent to that in the original trials. 

Table 3 gives in detail the dates on which cultures were started and 
results obtained with groups 1 and 2, noted above. The same spore-culture 
procedure as that described in the foregoing was followed throughout the 
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studies liere rexiorted. Germination of the spores apparently had ceased 
by February, 1927. There were, therefore, no further cultures made ex- 
cept after the material was treated as described below. 

On October 4, at the time spore cultures of g’roui)s 1 and 2 were ma,ch‘, 
a culture of teliospores was made from infected Jones Fife wlieat colha'lial 
by W. L. Popham at Bozeman, Montana, on August 20. The specimen 
from which the culture was made had been kept in the laboratory Trom 
the time it was received. At the end of 24 hours germination resulted only 
with the spores from groups 1 and 2. Of these, the spores stored in the 
incubator showed the highest percentage of germination. At the end of 
72 hours a few spores from the wheat plant had germinated and there was 
an increase in the number of spores germinating in the otlier two cnltures. 

TABLE 3 . — Germination of teliospores of Puecinia ffhmartini tha,i had teen siored at 
different temperatures at Moscow, Idaho, in 19^6 and 1927 


Date of 
starting 
culture 

Group No. 


Germination results 

24 hours 

48 hours 

72 hours 

96 hours 

126 hours 

1936 







Get. 4 

la 

+ 

Inerease 

Inerease 




2 b 

+ 

( £ 

i c 



Get. 25 

1 

0 

-h 





2 

0 

4- 




Nov. 2 

1 

0 

4- 

Same 




2 

0 

0 




N ov. 8 

1 

0 

4- 

1 Saiue 

Same 



2 

0 

0 

■ 0 

1) 

0 

Nov, 15 

1 

0 

4~ 

^ Same 

Same 



2 

0 

Slight 

Same 

Siime 


Nov. 22 

1 

0 

0 


0 

0 


o 

0 

0 

■ 

0 

0 

Nov. 29 

1 

0 

Slight 

1 




2 

0 

( c 

1 

1 


Dec. 7 

I 

0 

+ 





2 

0 

0 




Dec. 15 

1 

0 

4- 





2 

0 

0 




Dee. 30 ...... 

1 

0 

0 


Eciw 



2 

0 

0 


£ C 


1927^ 







Jan. 10 

1 

0 

0 





2 

0 

0 




Peb. 28 

1 

0 

0 


0 

0 


2 

0 

0 


0 

0 


a Kept in refrigerator. 

>U<ept in incubator (38° C.). 
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Cultures from groups 1 and 2 were made on October 25. Examination 
of the cultures at the end of 48 hours showed germination in both, a greater 
number of spores germinating in that culture taken from the material 
stored in the incubator. 

Germination tests of groups 1 and 2 were again started on November 
2, 1926. At the end of 48 hours no spores had germinated in the culture 
from the material stored in the incubator. Good germination was obtained 
in the culture from the material stored in the refrigerator ; in fact^ it com- 
pared favorably with that of the various cultures made when the experi- 
ment was started. At the end of 72 hours neither culture from the 
incubator-stored material sho^ved any germination. Germination in the 
culture from the refrigerator-stored material remained the same as at the 
end of the 48-hour period. 

The fact that there was no germination in group 2 at the end of the 
72-hour period and that there was the usual amount in group 1 at the end 
of 48 hours, notwithstanding the fact that previously there was a higher 
percentage among the spores of group 2, leads one to believe that such dif- 
ferenees may have been due to differences in spore age. The spores tested 
were never taken from the same two culms twice in succession. When 
enough were obtained and mounted on a slide, the culm from which the 
spores were taken was discarded and a new culm from each group was used 
each time a test was made. Accordingly, each time a test was started spores 
were used and compared that might have varied in maturity. On the other 
hand, this difference in response shown by spores stored under two differ- 
ing sets of conditions might have been directly dne to this difference in en- 
vironment. 

The walls of many of the spores seemed quite impervious to water and 
there w^as no consequent swelling of the spores. They appeared to be of a 
healthy yellow color and normal cell content. Often one cell of a teliospore 
would increase in size, indicating the absorption of water, while the other 
would still retain its normal size and appearance. All spores that ger- 
minated were larger than those that did not. 

On November 8, 1926, the cultures of groups 1 and 2, begun on Novem- 
ber 2, were exposed and allowed to dry 24 hours. At the end of this time 
water was again added to the slides and the moist chambers and they were 
again placed in the refrigerator. No spores had germinated at the end of 
24 hours. New cultures of groups 1 and 2 were started on November 8. At 
the end of 48 hours germination was noticed only in the culture from 
group 1. 

The two cultures of November 2, allowed to dry for 24 hours, beginning 
November 8, showed no germination at the end of 72 hours. They were 
again exposed and allowed to dry. 
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When cultures of Noyember 8 were examined, 96 hours later, germina- 
tion was observed only in the culture from group 1. In this culture the 
percentage of germination of spores suspended separately in the water was 
quite negligible. The greatest amount of germination was noticed in the 
spore aggregates still adhering to portions of the host. (Troiips oi; spores 
free from any host matrix showed little, if any, germiiiation. At tlie end 
of 120 hours no ditferences were noticed in the culture of Noveniher 8. 

The cultures of November 2, dried on November 8, moistened November 
9, and dried November 12 were again moistened and placed in the refrig- 
erator on November 13. Forty-eight hours later none had gerinmated. 

On November 15, 1926, cultures were again made of groups 1 and 2, 
also of teliospores from infected barley C. I. 1315, collected in the green- 
house on November 13, 1926. Of the above, a few spores of group 2 had 
germinated at the end of 48 hours, more from group 1, and none from the 
barley. At the end of 72 hours some of the spores from the barley had ger- 
minated. No change was observed in the cultures from groups 1 and 2. 
At the end of 96 hours more spores from the barley had gerrninated. 

Groups 1 and 2 were again cultured on November 22, 1926. No gerini- 
nation was observed at the end of 96 hours, so the cultures were discarded. 
The culture from barley started November 15 still showed viable spores. 
Many of the older germ tubes had lengthened and ramified- The contents 
of the germinating-cell of the spore was generally to be found in the grow- 
ing tip of the promycelium and was distinctly granniar, an ohservation 
which conforms to the finding of Eriksson and Henning (6). Cultures of 
groups 1 and 2, made November 29, 1926, eacli, contained a few germi- 
nating spores at the end of 48 hours. A culture from the barley collected 
in the greenhouse November 13, made on November 29, failed to respond at 
the end of 48 hours. 

It was noticeable that the number of teliospores r(isponding had gradu- 
ally decreased. None of the more recent cultures sliow(‘d llu‘ amount of 
germination that had been obtained with the same material in M(*i)l,innl)er. 

Cultures were again made on December 7, 1926, from groups 1, and 2 
and from barley C. I. 1315, collected in tlie greenhouse on Nov(mibt‘r 13. 
No spores had germinated in any of these cultures at the end of 48 hours. 

Cultures of groups 1 and 2, started December 15, 1926, showed germi- 
nation only in the case of group 1 at the end of 48 hours, A culture from 
Hordeum julaUm, collected December 3 and started December 15, showed 
no response at the end of 48 hours. 

On December 18, 1926, teliospores were collected on Ilordeum jiilatum, 
in the grass garden at Moscow, and cultured the same clay. At the end of 
48 hours none of the spores had germinated. 
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Groiixis 1 and 2 were ag'ain cultured on December 30, 1926. A few 
spores of each group had germinated at the end of 96 hours. 

To test the gemiinability of old telidspores that had been stored in the 
laboratory from date of collection, cultures were made of spores collected 
at MokScow on Agropijron cristatnm (L.) Gaertn., in the summer of 1920, 
and of teliospores collected at Moscow on Hordeum juhaUim July 1, 1925. 
No germination was noticed in either group of cultures at the end of 72 
hours. 

Groups 1 and 2 were again cultured on January 10, 1927, No spores 
had germinated in either culture at the end of 48 hours. 

Teliospores collected on January 28, 1927, on barley C. I. 1315, grown 
in the greenhouse, were cultured January 31 in the usual manner. No 
spores had germinated at the end of 48 hours nor at the end of 72 hours. 
Within a week a few spores had germinated and further germinations oc- 
curred until the end of the eleventh day, when the culture was discarded. 

On February 28, 1927, cultures of both groups 1 and 2 were made. At 
the end of 5 days no germination was observed in either culture. Most of 
the spores on the slide from group 1 appeared abnormal, in that they lacked 
the normal yellowish brown color, and many seemed devoid of the charac- 
teristic granular contents. The spores on the slide from group 2 were nor- 
mal in every respect. 

The reaction of those teliospores that germinated and failed to pro- 
duce sporidia was in all probability due to faulty technique. A higher per- 
centage of germination occurred near the edge of the cover-glass where air 
eontent of the water was greatest. Those spores that did germinate 
nearer the center of the cover-glass produced longer and more tortuous 
germ tubes. These results closely approximated those of Melhus, Burrell, 
and Kirby (19) who, in working with the teliospores of Puccinia graminis^ 
state that a relative humidity of at least 95.6 per cent is required for telio- 
spore germinatiou and the production of sporidia. In a humidity of lOO 
per cent sporidia are more profuse. Teliospores submerged in a drop of 
water produce long attenuated germ tubes and sporidia production is 
sliglit or wanting. Subsequent tests indicated that the cover slip placed 
over each culture produced conditions that inhibited germination. Cul- 
tures in which the cover slip was absent gave a higher percentage of ger- 
mination and a profuse production of sporidia. 

Effect of various stimuli on the germination of teliospores: For some 
time previous to the date of the last attempts to germinate the spores, Feb- 
ruary 28, 1927, it was noticed that those spores that had been stored in 
the refrigerator remained viable longest. But, even in this group, the per- 
centage of germination was very small. Because of this and the fact that 
the cultures showed so many water-impervious spores, it was proposed to 
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treat them in various ways in an attempt to penetrate the iinpervions cell 
w^alls, if such they be, and thus stiinnlate such spores to germinate or pos- 
sibly revive this capacity in others. 

Chemical stimihli: Acids: Thiel and Weiss (25), working with the telio- 
spores of Piiccinia gi^aniinis iriticiy induced them to germinate preinatiirely 
by exposing them to a 1 per cent solution of citric acid for 15 minutes. 
Burrell (5) stimulated the spores of Basispo^dum gallaritm Moll, to germi- 
nate by exposing water-drop cultures of spores to CO 2 in concentrations of 
from 1 to 5 per cent. Howe (12) secured the highest percentage of germi- 
nation with the spores of Ustilago levis (K. and S.) Mag. in a medium hav- 
ing a pH of 4.9 secured by a continuous flow of CO 2 into the spore sus- 
pension. 

In the light of these investigations it was decided to expose teliospores 
of Piiccinia ghimarum to a 1 per cent solution of citric acid. On March 11, 
1927, teliospores of group 1 were treated with a 1 per cent solution of this 
acid for 15 and 30 minutes, respectively. This was accomplished by sub- 
merging in the acid spore-bearing portions of the host culm. After remov- 
ing from the acid and rinsing thoroughly in tap water, the spores were cul- 
tured in the usual manner. 

In less than 24 hours excellent germination was obtained with the 
spores which had been exposed to the acid for 15 minutes. A few spores 
had germinated in the other culture. At the end of 72 hours the number of 
spores germinating in the culture which had been exposed to the acid for 
15 minutes gave the highest percentage of germination so far secured. In- 
creased germination had resulted in the other culture but it was not so 
great as in the culture exposed to the acid for 15 minutes. This difEerence 
may be due not to the dihei^ence in treatment but to the fact that the spores 
used for the two cultures were obtained from different culms. Other condi- 
tions, therefore, such as difference in age of spore, thickness of spore wall, 
thickness of host epidermis covering the spores, etc., may have affected the 
germination of the sxmres. 

In view of the reaction obtained with citric acid a number of otlier acids 
were used in 1 per cent eoncentrations. Only the spores from group 1 
were used in these tests. The acids employed and results obtained with 
them are given in table 4. 

It may be that the stimulating effect, if it could he called such, is due 
to the hydrogen-ion concentration rather than to the particular acid used. 
For example, the normalcy of the citric acid, which was a 1 per cent 
solution, was approximately .1/N, with an approximate pH value of 
2.26. The hydrochloric acid was a 1 per cent solution of the com- 
mercial-concentrated product. It was about .1/N, with a pH value of 
1.065. The use of the citric acid resulted in germination; that of the liy- 
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TABLE 4 , — The effect of various acids on the germination of teliospores of 
Puccini a glumarum on a single culm 


Treatment 

Exposure 

Germination results 

24 hours 

48 hours 

Clieelc. No treatment 


0 

3 spores 

Boric acid, 1 per cent 

Hydroeliloric, 1 per cent of eommereial con- 

15 min. 

Good 

Same 

centrated 

( t 

D 

Slight 

Nitric, 1 per cent of eoinmercial concentrated 

i c 

0 

Very good 

Olieck, No treatment 


0 

0 ■ 

Chromic, 1 per cent 

C ( 

0 

Slight 

Oxalic, 1 per cent 

i ( 

0 

4 spores 

Check. No treatment 

Sulphuric, 1 per cent of commercial eoiicen- 

i £ 

0 

Slight 

trated 

( £ 

Slight 

i£ 

Lactic, 1 per cent 

£ £ 

f c 

C £ 

Acetic, 1 per cent 

£ C 

( £ 

Good 


droclilorie acid did not. The latter was, therefore, further diluted and 
spores were exposed to it for 15 minutes on March 18, 1927. Within 24 
hours the spores thus exposed showed good germination, while only two 
germinating spores were noticed on the cheek slide. Within 48 hours the 
percentage of germination of the treated spores had materially increased. 
No increase in the number of germinating spores was noticed on the control 
slide. 

On March 30, 1927, the same treatments were administered to the telio- 
spores of group 2. The same procedure was followed in exposing the 
spores to the acids and the same culture technique was employed as in the 
preceding experiment. No germination resulted in any of the cultures. 

On April 11, 1927, the spores of group 1 were again given the acid 
treatment for a period of 20 minutes iiivStead of 15. The cultures were ex- 
ariiined at tlie end of 24 and 48 hours and at the end of 1 week. In no case 
was there any germination. 

The pH values of the various acids used ranged from 6.9 to 1.6, as de- 
termined witli a La Motte No. 4 B Hydrogen-ion Testing Set. 

Teliospores of Piiccinia gliimarum on A&gilo'ps cylinclrica Host, were 
first collected on July 15, 1927. Attempts to germinate them failed. 

Fresh teliospore material was collected at Moscow on Bordeimi pibatum 
on July 28, 1927. All attempts to germinate the spores resulted negatively. 
The effect of acids was again tested and, in addition to those named in the 
f oregoing, the following organic acids 'were used : Tartaric, pH 2.1 ; maleic, 
pH 2.6,' succinic, pH 3.3; salicylic, pH 3.7; phthalic, pH 2.7 ; and benzoic, 
pH 3.5. None of them induced germination. 
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Material collected July 28, 1927, was treated on August 23 , 1927 , wutli 
the various acids listed in table 3 for 15 minutes in the manner heretofore 
described ; then they were cultured in the usual manner. One set of cul- 
tures was placed in the refrigerator, wdiile a second set was allowed to re- 
main in the laboratory. No germination w^as obtained in any of the trials. 

Material stored in the ice box from date of its collection, August 2 , 1927 , 
was exposed to various dilutions of citric, oxalic, sulphuric, nitric, and 
hydrochloric acids on February 8, 1928. The spore-bearing culms of the 
host were immersed in the acids for intervals varying from 1 minute to 20 
minutes, depending upon the concentration of the acid. The matexnal was 
immersed in the weaker solntion a longer period than in the more concen- 
trated solutions. Nontreated controls were run for each acid. No germi- 
nation was secured in any case. From the appearance of some of the spores 
after a week’s incubation, partricularly those treated with the more con- 
centrated solutions, it was apparent that the treatment was too severe. 

Other chemicals: Eosa (21) obtained a mild stimulating elfect on dor- 
mant potato tnbers with ethylene in concentrations of from 1 : 400 to 
1 : 2000 of air. He also found that solutions of 2 to 3 per cent sodium thio- 
eyanate and ammonium thiocyanate were toxic and that ethyl bromide and 
ethylene dicliloride hastened sprouting. 

On November 20, 1927, material collected in July and held in the refrig- 
erator was treated with ammonium thiocyanate pH 4.6, ethyl bromide pH 
4.5, and ethylene dichloride pH 4.6, for 30, 60, and 120 minutes. Cultures 
from each treatment were made hut gave only negative results. These 
treatments also were used on material that had been stored outside, but no 
germination was secured, 

Teliospores, still adhering to the culms of the host, were placed in an 
air-tight eliamher containing equal amounts of pure oxygen and etliylene 
gas. They were permitted to remain in tliis niixtiire of gases for 48 hours 
at room temperature. At the end of the 48-hour exposure tlie s|)ores were 
cultured in the usual manner and incubated in tlie ice box foi* 72 Iioui’s. 
Six spores in the culture germinated, exhibiting a stronger and liealtliier 
germ tube than had been secured heretofore, A second trial gave negative 
results. The material used above was part of that collected July 28 , 1927 , 
and stored in the ice box from the date of collection. 

As stated in the foregoing, it has been observed that wlieu teliospores do 
germinate, they show a stronger and higher percentage of germination 
when attached to portions of the host or near the outer edges of the cover 
slip. It was assumed that this difference might be due to the more abun- 
dant oxygen in such localities. Durrell (5) noticed this same difference in 
working with Basisporium gallar%mi. Accordingly, hydrogen ])( 0 ‘oxide in 
4 concentrations was employed in which teliospores were imnuu'si^d for 15 
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minutes and tlien cultured in the same solution. Five, 10, 15, and 20 per 
cent solutions of the chemical were used. After incubating for 1 week in 
the ice box, readings were made. No effect was observed on the percentage 
of germination of the spores. 

Exposing^ teliospores still adhering to the culms of the host to ether con- 
tained in desiccators had no stimulating effect upon germination. The 
spores were exposed to this gas for 12, 24, 48, and 72 hours, respectively, 
by placing them in the desiccators containing vials of sulphuric ether. 

PHYSICAL STIMULI 

Low iemperaiures : On October 14, 1927, telial material, collected the 
previous July and stored in the refrigerator since collection, was placed out 
of doors. The material was contained in a small gauze sack and hung from 
an east window. Up to January 16, 1928, cultures were made every 2 
weeks. None, however, showed germination. At the time the material was 
placed outside the percentage of germination of the spores was 3. The 
temperature during this period ranged from 78° F. on October 20 to - 17° 
F. on December 17. 

One might conclude from the above results that, unlike the teliospores 
of Puccinia graminisj which will germinate only wdien subjected to all 
changes of winter weather (4) , those of P. gUtmarum are not in the least 
affected by such conditions. Later investigations, however, seem to contra- 
dict such a presumption. 

Parallel with the biweekly tests made with the spores stored outside, the 
same type of cultures was made from the material still remaining in the 
refrigerator. These tests showed sporadic and unequal germination. 

In the fall of 1928 fresh material was subjected to outdoor temperature 
iu a manner similar to that employed in the winter months of 1927-28. 
From the re>snlts obtained there was an apparent stimulation. It will be 
noticed that wdth the tests of both years moisture was not considered. 
Being stored as it was, the material outside was never thoroughly whetted. 
It was held under air-dry conditions constantly. 

Assuming that a combination, of high humidity and freezing tempera- 
true might enhance germination, material was exposed to sneh conditions. 
It was first thoroughly whetted and placed between moistened filtei’-paper. 
Then it was exposed 5 days to a temperature ranging from -2° C. to - 5° 
C. At the end of this period the spores were cultured in the usual manner. 

Table 5 gives the results of these tests, including the name of the host, 
date and place of collection, and number of replications. It is quite evident 
that freezing alone does not induce teliospore germination. Moisture and 
low temperature combined seem necessary (Fig. 3). 
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Pig. 3. A camera-lucida drawing of germinating teliosporea of PuGoinia glmianm. 
These teliosporea were germinated in distilled water on open glass slides. The slides 
were placed in a moist chamber and allowed to remain in ice box for 48 honrs. The 
drawings were made at the duration of that time. Drawings x 1^000. 

Alternate wetting and drying: On November 17, 1927, spores still on the 
culms of Hordeum juhatum which had been stored in the refrigerator since 
July 28 and under outdoor conditions since October 14 were immersed in 
water for 24 hours. They were then removed and allowed to dry for 24 
hours and again immersed for another 24 hours. When dry cultures were 
made and incubated in the refrigerator for 1 week, no gerniination resulted. 

Alternating temperaUires: Teliospores on culms of Hordeum juhatum^ 
stored in the refrigerator, were transferred to an oven with the teniperature 
at 30° C. They were left in the oven for 24 liours, then eultiired in the 
usual manner and incubated 7 days in tlie refrigerator. About 3 per cent 
of the spores had germinated at the end of this time, Anotluvr lot of telio- 
spores, placed in the oven at 30° C. for 48 hours, were then moved to the 
refrigerator for 24 hours. No germination resulted from tliis procedure. 
By another method cultures of spores were held in the refrigerator for 
24 hours, then at room temperature for 48 hours. No gc^rniination was 
observed. 

DISCUSSION AND CONCLUSIONS 

Prom the results obtained by Becker (1), who found that urediniospores 
of Puccinia glumarum had the ability to survive 433 days at 0° C. in a rela- 
tive humidity of 40 per cent, it might follow that she studied a physiologic 
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form of the rust that produced spores capable of withstanding conditions 
much more adverse than the spores of our physiologic form of the rust. In 
other words, Becker’s results and those here presented afford further evi- 
dence that the form or forms in the United States are unlike those present in 
Europe. 

The evidence on which to explain the ab.senee of Puccinia ghmwmm in 
the United States east of the 103rd meridian is insufficient. Further 
studies of such phases of the problem as the effect of environment on spore 
germination, infection, incubation, and subsequent sporulation, and alter- 
nate-host studies of unconnected aecial rusts must be carried on before 
definite conclusions can be drawn. 

The teliospores of Puccinia ghmarum can germinate immediately on 
maturity without first having to pass through a resting period or be sub- 
jected to alternate freezing and thawing. It is not assumed, howvver, that 
such conditions are negative in their effect, for freezing teliospores of the 
stripe-rust fungus in the presence of moisture either revives this ability in 
spores which seem to have lost it, or stimulates it in other.s that apparently 
have not reached the proper state of maturity. All of the spores do not 
germinate during the season in which they were formed, for .some still pos- 
sess this ability during the spring following the previous fall’s collection. 

In respect to their ability to germinate during the season of their for- 
mation, the teliospores of Puccinia ghmarum are not unlike those of P. dis- 
perse. This characteristic seems unusual, for the teliospores of the more 
commonly known rusts, P. graminis, P..coronata, and P. triticina, do not 
possess this ability, but, on the other hand, require a iteriod of dormancy 
before germination. 

This early germinating ability exhibited by the teliospores of Puccinia 
glumarmi, and the fact that the stripe-rust fungus can withstand adverse 
conditions by means of ressting mycelium bring to mind tlie pos.sible rela- 
tionship that might exist in respect to the lack of a knowji a(u-,ial ho.st. 
Ability to hibernate by means of dormant mycelium might |)r(!(‘liide the 
necessity of an alternate host. Having no need for such a ho.st the telio- 
spores may have gradually lost their important function in the emupletion 
of the life cycle of the fungus. In doing so, they may have gradually 
acquired the ability to germinate immediately upon formation, rather than 
pass through a re.sting period, and the possible accompanying adverse con- 
dition, to await optimum conditions for germination and the appearance of 
a susceptible aecial host. Proof of the existence of an aecial host has yet to 
be established. If it does exist, it plays an unimportant role in the per- 
petuation of the fungus. 

Of the various stimuli employed in trying to revive or stimulate ger- 
mination of the teliospores, freezing temperatures, combined with high 
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liumidity, resulted in the most pronounced stimulation. Herein are the 
teliospores ot Puccwuci gluMQTUM similar in reaction to those of P, grciMifiis 
and P. corontitd. The stimulation resulting’ from acids or other chemicals 
in various dilutions was neither consistent nor conclusive. 

Abundant sporidia develop if the right method of teliospore germina- 
tion is used. This being the ease, it is logical to assume that any possible 
lack of an alternate or aeeial stage of the rust is not due to failure to pro- 
duce sporidia. 


SUMMARY 

Stripe rust has long been recognized as one of the most important cereal 
diseases in Europe. In Argentina it occurs in moderate to severe epiphy- 
totics. In the United States, so far as known, it occurs onjy in the Pacific 
and Intennountain States and is there only moderately severe. 

Attempts to germinate urediniospores of Puccinis glumarwm in tap 
water, distilled water, and rain water resulted in the highest percentage of 
germination taking place in tap water. 

Under the conditions of the experiment the optimum humidity and tem- 
perature for the retention of germinability of the urediniospores of Puccinia 
gl'umariini were 49 per cent and 9° to 13° C., respectively. Spores held 
under these optimum conditions remained viable 88 days. 

Urediniospores of Pitccinia graminis phlei-praiensis and P. gr^miinis 
tniici remained gerininable under the same conditions for 120 and 128 days, 
respectively. Those of P. triticina were viable 124 days at a temperature 
of 3° to 11° C. and a relative humidity of 49 per cent. 

Transf erring the spores which had been held in the 49 per cent humid- 
ity containers at a temperature of 29° to 30° C., after all germination had 
ceased, to temperatures of 9° to 10° C., for 48 hours resulted in the renewed 
germination of the spores of all three rusts. The spores of Puccinia glu- 
marum germinated 6 days longer; those of P. graminis iriiici, 11 days 
longuw, and those of P. iriticinay an additional 8 days. In like manner, the 
urediniospores held at freezing and a relative humidity of 49 per cent were 
transferred, after they had ceased germinating, to room temperature (23° 
to 26° C.) and kept there for 48 hours. Under these conditions the ure- 
diniospores of P. ghmarum germinated 4 days longer ; those of P. graminis 
tritici and P. triticina 6 days longer. 

Germination of teliospores of Puccinia glumarum was first obtained by 
the senior writer in September, 1926, from newly collected material. 

At temperatures prevalent in an ordinary ice refrigerator, teliospores 
stored under such conditions retained their germinability longer that simul- 
taneously collected spores held in an oven at 28° to 39° C. 
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Teliospores incubated under these conditions apparently had lost their 
ability to germinate by the following spring, but were revived by various 
stimuli. 

Many teliospores present in the cultures seemed to be inipervioiis to 
water. 

Tests indicated that an undetermined factor caused noiiuniformity of 
germination in the cultures made from time to time. Indications were tluit 
this factor was difference in age of spores. 

Various stimuli produced inconsistent results in an attempt to revive 
this power of the spores to germinate. 

Immersing the spore-bearing material in a 1 per cent solution of citric 
acid for 15 minutes sufficed to induce the latent spores to germinate after 
they apparently had lost this ability. 

Boric, hydrochloric, nitric, chromic, oxalic, snlphurie, lactic, and acetic 
acids, in 1 per cent or weaker solutions, seemed to stimulate germination. 

Induced germination of teliospores was not the result of any certain pH 
value of the acids. 

Fresh teliospores collected in 1927 did not possess the same genninating 
ability as did those collected in 1926. 

Eesults obtained with ammonium thiocyanate, ethyl bromide, ethylene 
diehloride, ethyleiie-gas-and-oxygen mixture, and hydrogen peroxide were 
not conclusive in their ability to induce germination of teliospores. 

Alternate wetting and drying of teliospores at ordinary temperatures 
did not induce germination, nor did freezing under air-dry conditions. 

Exposing teliospores to a combination of high humidity and freezing 
temperature resulted in a marked increase in germination. 

Abundant sporidia developed wdien the teliospores were gerjuinated in 
an exposed drop of water on a glass slide. 

MTERATURE CITED 

1. Becker, Johanna. UnteraiKilumg liber die LebtnusfiUiigkcit von TTrt>dr)Hi»oron von 

Buecinia gliimarum. Klilin-Arcdi. 19: 353-411. 1928. (AIjh. in FtnlHi'lir. 

Landw. 4: 329. 1929). (Abs. in Bov. App. Myool. 8: 489. 1929). 

2. Biffen, R. II. Bust in wbeat. Jour. Brl. Agr, (Londou) 16: 241-253. 1908. 

3. Burton, G. J. L. Report of plant breeder. Ann. Rpt. Dept. Agr. Kunya for tlie 

year endkl 31st Dec. 1926: 158-171. 1927, (Aba. in R(3V, App. Myvol. 7: 
13. 1928.) 

4. Dugoar, B. M. Pliysiological studies with reference to tlie germination of certain 

fungous spores. Bot. Gaz. 31: 38-66. 1901. 

^5. Durrell, L. W. Stimulation of spore germination by COo. Seienee, n. s. 60: 499. 
1924. 

6. Eriksson, J., and E. Henning. Die Getreideroste, ihre Oeaeliicdite und Natiir sowie 

Massregeln gegen dieselben. 463 pp. Nordstedt & Stiner. Stockbolm. 1896. 

7. . A general review of the principal results of Swedish research into 

grain rusts. Bot. Gaz. 25: 26-38. 1898. 



1931] 


Eaeder and Bever: Spore Germination 


789 


8. ITaht, Helen. Eaetors affecting the development of flax rustj Melampsora lini, 

Pers.) Lev. Phytopath. 16: 185-205. 1926. 

9. Hecke, L. Beobaelitungen der tiberwinterungsart von Pflanzenparasiten, Natiirw. 

Ztachr. Land. n. Porstw. 9: 44-53. 1911. 

^ Frage der XJeberwinternng des Gelbrostes nnd das Zustande- 

komnieii von Rostjahren. Naturw. Ztschr. Land. u. Forstw. 13: 213-220. 1915. 
^11. Hoerner, G. R. Gorinination of aeciospores, urediniospores and teliospores of Pnc- 
einia eoronata. Bot. Gaz. ?2: 173-174. 1921. 

12. Howe, Mary F. Changes in hydrogen-ion concentration induced by carbon dioxide 

in relation to the germination of spores of Ustilago levis. Phytopath. 16: 69- 
70. 1926. 

13. Humphrey, H. B., C. W. Hungerford, and A. G. Johnson. Stripe rust (Pueeinia 

gluniaruni) of cereals and grasses in the United States. Jour. Agr. Res. 29: 
209-227. 1924, 

14. , and Richard 0. Cromwell. Stripe rust, Pueeinia glumaruin, on 

wheat in Argentina. Phytopath. 20: 981-987. 1931). 

15. Hungerford, C. W. Studies on the life history of stripe rust, Pueeinia glumarum, 

(Sehm.) Eriks, and Henn. Jour. Agr. Res. 24: 607-620. 1923. 

16. Klebahn, H. Ein Beitrag zur Getreiderostfrage. Ztschr. Pflanzenkr. 8; 321-342. 

1898. 

17. Mains, E. B., and H, S. Jackson. Aecial stages of the leaf rusts of rye, Pueeinia 

dispersa Eriks, and Henn., and of barley, P. anomala Rostr., in the United 
States. Jour, Agr. Res. 28: 1119-1126. 1924. 

18. Melhus, I. E., and L. W. Burrell, Studies on the crown rust of oats. Iowa Agr. 

Exp. Sta. Res. Bui. 49. 1919. 

19. ^ ^ and R. S. Kirby. Relation of the barberry to stem 

rust in Iowa. Iowa Agr. Exp. Sta. Res. Bui. 67. 1920. 

20. Peltier, Geo. L. A study of the environmental conditions influencing the develop- 

ment of stem rust in the absence of an alternate host. Nebr. Agr. Exp. Sta. 
Res. Bui. 22. 1922. 

21. Rosa, J. T. Effects of chemical treatments on dormant potato tubers. Hilgardia 

3: 125-142. 1928. 

22. Rostrup, E. Plantepatologi. 640 pp. Nordiske vorlag. Kobenhavn. 1902. 

23. Schmidt, J, K. Allgemeine Oekonomiseh-technisehe Flora, oder Abbildungen und 

Boschreibimgen aller, in Beziig auf Oekonomie und Technologie Merkwiirdigen 
Gewiichse. Schmidt. Jena. 1827—29. 

24. Stevens, Neil E, A method for studying the humidity relations of fungi in cul- 

ture. Phyto|)atlL 6; 428-432. 1916. 

25. Thiel, A. F., and F. Weiss. The effect of citiric acid on the germination of the 

teliospores of Pueeinia graminis tritici. Phytopath. 10: 448—452. 1920. 




TRANSPIRATIONAL HISTORY AS A KEY TO THE NATURE OP 
WILTING IN THE FUSARIUM WILT OF PEAS’- 

Maurice B. Linford 

Among the hypotheses set forth by diverse investigators to account for 
the wilting characteristic of various Fusarium wilts^ that which regards 
wilting as a result of failure of the water supply, by whatever agency this 
may be brought about, has frequently been mentioned. The frequently 
observed phenomenon of temporary wilting of affected plants during 
periods favorable for rapid transpiration is more readily explained by this 
than by other theories. In the Fusarium wilt of the pea [Pisim sativum 
L.) caused by F. ortJioceras App. and Wr. var. 'pisi Linford^ this alternate 
wilting and recovery has been seen only in large plants. In young plants 
it probably does not occur. When wilting begins it proceeds directly to 
the collapse and death of the wilting leaflets. Such sudden wilting may 
occur in plants grown in cotton-plugged culture tubes in indirect sunlight 
where the transpirational demand is slight, and, both in such tubes and in 
open pot culture, it is sometimes accompanied by a water-soaked appear- 
ance of collapsing parts. This wilting, coming as a sharp reaction from 
a condition of extreme turgidity which precedes it,^ suggests that the loss 
of turgor may be not a consequence of an inadequate supply of water but 
rather a result of death of the cells and loss of their powers of retaining 
water. 

Daily determinations of the transpiration rate of diseased plants dur- 
ing wilting should indicate which of these interpretations is the correct 
one. Accordingly, in the course of other investigations of the pea-wilt 
diseaKse the following experiment was conducted to trace comparatively the 
transpirational histories of healthy plants growing in clean soil and of 
plants growing in wilt-infested soil throughout the entire course of the 
disease- Since it became impossible to repeat the experiment the data are 
not considered final. This report sets forth indicative evidence relative to 
the nature of wilting and suggests a mode of attack which may be made to 
yield highly important results. 

1 This paper is an offshoot of investigations of pathogenesis and resistance in the 
Fusarium wilt of peas conducted under a fellowship appointment, from the National 
Beseareh Council, in the Department of Botany, University of Wisconsin. The writer 
gratefully acknowledges the helpful advice of Professor B. M. Duggar and the assistance 
of Mr. Oliver S. Orton in carrying on this work. 

2 Linford, M. B. A Fusarium wilt of peas in Wisconsin. Wis. Agr. Exp. Sta. Bes. 

Bui. 85. 1928. 

3 See footnote 2. 
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Peas of uniformly susceptible pure line of the Aleross variety were 
planted individually in cylindrical glass tumblers which measured about 
6.5 cm. in diameter by 9.5 cm. in depth, each containing 250 gin. of kSoII 
previously adjusted to approximately 60 per cent of its water-holding 
capacity. Twenty were prepared with clean, uncooked soil, and 20 with, 
wilt-infested soil that, 1 year before, had been sterilized and inoeiilated 
with a pure culture of the wilt fungus. 

As soon as the young sprouts had emerged, 12 of the most uniform of 
each lot were selected for the experiment. The seedlings were removed 
from 10 tumblers used as checks on water loss. A layer of melted wax'^ 
was then poured over the soil in each tumbler, reducing the possible 
channels of escape of water to the plant and the narrow glass-fumiel tube 
which extended to the bottom of each tumbler for the addition of water 
during the experiment. In the check tumblers, in which these funnels and 
imperfections in the wax seals were the only channels of egress, weighings 
indicated that the water loss during the experiment was negligible. 

Both lots of soil were adjusted to 60 per cent of their water-holding 
capacities before planting, and, then, before pouring the wax seals, each 
tumbler was restored to its initial weight by the addition of water. For 
convenience in weighing throughout the experiment, all tumblers were then 
adjusted to equal weight within the limits of 1 gram by the addition of 
warm lead shot (BB) which melted itself into the surface of the wax. The 
tumblers were then spaced equally on a wire-mesh support, 15 inches above 
the table top, in a large glass room where exposure to light, heat, and 
circulation of air was uniform. The temperature fluctuated chiefly between 
20° and 24° C,, reaching the limits of 15° and 27° C. during the experi- 
ment. Daily records of water loss, of the development of plants, and of 
wilt symptoms were made individually for each plant. Water was add(‘(l 
from a burette while the tumbler stood upon one pan of a long-arm ba.h‘in( 0 ', 
counterbalanced by the initial adjusted weiglit of tlie tiimbler. Thus 
daily water loss per plant was read directly from the burette to tentlis of 
1 cubic centimeter, as water was added to restore that lost daily. On the 
twelth day after the wax seal was poured, total surfaces were estimated 
for every plant separately based upon a series of measurenieiits of every 
leaflet, stipule, and stem. 

The 12 plants in clean soil made vigorous and uniform growth as in- 
dicated by the uniformity of total surface on the twelfth day, recorded in 
table 1. Two plants in infested soil were attacked by Rhizoetonia and 

4 The most satisfactory wax seal was the following, modifieti from the formula of 
Briggs and Shantz: paraffin (Parowax), 5 parts; white petrolatum, 2 parts; and bees- 
wax, 2 parts. When cooled to near its melting point before being poured, this wax 
caused no visible injury to the delicate sprouts. 
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dwarfed so badly that they were discarded. The remaining 10 showed 
fair uniformity in their development and also in the development of disease. 
Positive symptoms were noted first on the fifth day in 2 plants, and, by 
the ninth day, all 10 were diseased. By the eighteenth day, at the close of 
the experiment, the leaves and stem tips of all 10 plants in infested soil 
were fully wilted. 



Days after pouring wax seal 

Fig. 1. Daily average loss of water, in cnbie centimeters per plant, from 12 healthy 
and 10 diseased Alcross variety pea iilants. First symptoms of the wilt disease appeared 
on the fifth day; and all leaves of all affected plants were fully collapsed on the 
eighteenth day. 

With the progressive increase in transpiring surface of the healthy 
plants, the daily loss of water should have inereased progressively, hut, 
as shown in figure 1, this was not the case. A sharp reduction occurred 
in the transpiration of both healthy and diseased plants between the 
twelfth and the fifteenth days as the result of a cold, cloudy period. This 
figure shows, however, that the daily loss from plants in the infested sod. 
was slightly higher than from those in clean soil during the opening days 
of the experiment but that it gradually fell off during the succeeding days 
as the disease developed. This decline was the result of at least two factors 
as illustrated by table 1. In the infested soil the plants were distinctly 
dwarfed. On the twelfth day, when the collapse of affected plants had 
scarcely begun, the average surface exposed by the diseased plants was 
only 75.4 sq. em. as compared with 96.4 sq. cm. exposed by the healthy 
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TABLE 1. Total areas and rates of transpiration of heaWvy pea plants and of plants- 

in medium stages of Fusarium wilt. Areas were computed from measuremeurts 
of every leaflet , stipule, and stem. These data are for %)liinis of a 
susceptille pure Ime of the Alcross variety, on the twelfth 
day after the heginning of the experiment 


Healthy plants in clean soil Diseased plants in intestod soil 




Water loss per clay 



Wjxter 1< 

)HS p('r (lay 

Plant 

mimter 

Total 

area 

Per 

plant 

Per square 
meter 

11111111361’ 

area 

Per 

plant 

Per H(iuare 
moior 


sq. cm. 

cc. 

cc. 


sq. cm. 

ee. 

cc. 

C-1 

98,0 

9.1 

929 

W-1 

93.9 

7.0 

746 

C-2 

84.7 

7.4 

874 

W-2 

52.9 

3.1 

586 

C-4 

95.6 

7.7 

806 

W-8 

78.0 

5.S 

744 

C-5 

95.1 

9.3 

978 

W-9 

72.7 

4.7 

64:7 

C-8 

95.5 

7.6 

796 

W-10 

88.9 

6.3 

709 

C-9 

90.3 

8.4 

931 

W-12 

83.0 

5.8 

699 

C-11 

87.1 

7.7 

884 

W-14 

8(5.5 

5.6 

648 

C-13 

116.4 

8.1 

696 

W-1 7 

67.8 

4.5 

664 

C-14 

102.8 

7.4 

720 

W-20 

63.1 

3.8 

602 

C-15 

99.4 

8.0 

805 

W-21 

67.3 

3.7 

550 

C-19 

99.1 

8.5 

858 





C-21 

92.3 

7.7 

834 





Average 

96.4 

8.1 

838 

Average 

75.4 

5.0 

667 


plants. But this smaller surface was not the only canse of reduced water 
loss, for, while the diseased plants showed 78.2 per cent as niucli surface 
area as the healthy plants, they lost only 61.7 per cent as iruicli water. 
Computed to the basis of water loss joer square nieter of siir Paee per day, 
as shown in talk 1, the water loss from the healthy plants was 8B8 ce. as 
compared with 667 cc, from the diseased plants. TlH\se li^aiia's Urns indi- 
cate that prior to wilting the diseased plants liad a low(‘r rat(‘. ol‘ transpi- 
ration tlian the healthy. 

Tile daily trend of transpiration with progress of the dis(‘as(^ is obscured 
in these figures by the wide fluctuation produced by environnuuital condi- 
tions. The daily average loss of water from the liealtliy plants was there- 
fore adopted as a standard of comparison, and a traiisj)iraii()nal ratio, 


water lost hy diseased plants , ^ ^ 

• 7 — — - — -Y — — was computed. This ratio is strictly 

average water lost by healthy plants 

relative and is independent of daily fluctuations in the environment in so- 


far as diseased and healthy plants respond similarly to environmental 


conditions. 


Figure 2 represents graphically the daily transpirational ratios of 4 
individual aflected plants and the average of all 10 affected plants. In 
agreement with figure 1, it shows a general decline after the opening days 
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Pis. 2. Transpirational histories of pea plants affected ■with. Fusariuni wilt. Daily 
loss of water from 4 separate plants and average daily loss from 10 plants^ expressed as 

the transpirational ratio; i.e., water lost by diseased plants _ 4 individual 

average water lost by healthy plants 

plant curves were selected to illustrate the limits of the observed variation between plants. 
Irregularities in the opening days of the experiment resulted from the large error involved 
in measuring small amounts of water transpired by the very young seedlings. 

o:£ the experiment, a decline which resulted both from the actual diminution 
in the rate of transpiration of diseased plants and from the increasing 
transpiring surface of the healthy plants. Onr special interest lies less in 
this general decline than in any changes in rate of decline which may be 
coincident with late stages of the wilt disease. 

Wilting was in progress in different individual plants from the thir- 
teenth to the seventeenth day, and it is during just this period that the 
graph of the daily average transpirational ratio departs most distinctly 
from the otherwise nearly straight line. During this period, on the average, 
the diseased plants lost water more rapidly than was expected, only to show 
promptly a reduced rate of water loss after wilting was complete. This is 
shown more strikingly by the graphs drawn for plants AV-9 and W-2. Both 
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these plants, during the several days of their wilting, showed a distinct 
increase in transpirational ratio, followed by a sharp decline after the 
leaves were all wilted. Clearly, in these two plants, wilting appeaivs to have 
resulted not from a failure of the water supply but rather from a failure 
of water retention. 

But not all 10 plants showed such a reaction. Plants W-10 and “W-17, 
graphed in this same figure, are the exceptions. W-IO wilted rapidly on thei 
fourteenth and fifteenth days, associated with a distinct reduction in the 
transpirational ratio such as would be expected if the wilting had resulted 
from water deficieney; and in W-17 the decline was gradual, graphing as a 
nearly straight line. Of the 10 diseased plants, 5 showed a distinct upward 
trend of the transpirational ratio coincident with wilting ; 3 showed a ques- 
tionable upward trend; and the 2 discussed here showed no such trend. 
The upward trend of the average curve is less decisive than inspection of 
the individual data suggests, due in part to failure of synehroniiiation of 
the wilting in different plants. 

In spite of their irregularity, however, these data seem to establish the 
fact that some plants, and probably most of them, suffer a rapid loss of 
water during wilting and that reduced availability of water, therefore, is 
not the chief factor, if even an important one, in the final wilting that char- 
acterizes the severe early development of this disease. Of more importance 
is some fundamental alteration of the protoplasts of leaf cells, probably 
their actual death, which leads to the loss of their normal powers of retain- 
ing water and consequently to their loss of turgor and to wilting of the 
leaf. That insufficient water supply may sometimes he involved is not dis- 
puted, particularly in the wilting of older plants. The rapid loss of water 
from collapsing leaves, indicated by this experiment, would subject the 
water supply of the plant to an extra strain and might lead, in plants with 
a reduced water-supplying capacity, to the wilting of other leaves from 
insufficient water. - Such joint operation of these opposing factors might 
account for the behavior of indicated in figure 2. 

SUMMARY 

By following the transpirational histories of diseased and liealthy plants 
the writer has obtained preliminary data which indicate that in the 
Fusariuni wilt of peas wilting may result not from a diminished water 
supply but rather from an excessive loss of water from the leaves. This 
is thought to indicate the loss of the normal powers of water retention by 
the leaf protoplasts. It is sugested that this method of approach may yield 
significant facts regarding other vascular wilt diseases. 

Experiment Station, Association of 
Hawaiian Pineapple Canneks,. 

Honolulu, Hawaii. 



STUDIES OP PATPIOGENESIS AND RESISTANCE IN PEA WILT 
CAUSED BY FUSARIUM ORTHO CERA8 YAR. PISP 

MatteiceB. Linford 

INTRODUCTION 

Altliougli ,tlie wilt of peas (Pimm sativum L.) caused by Fusarium 
orihoceras App. and Wr. var. pisi Linford has been recog'nized only a few 
years, it is now known to be one of the major diseases of canning-crop peas 
in the United States.^ The writer showed earlier (7) that this is eharaeter- 
istieally a vascular disease, comparable in many respects with the well- 
known vascular fusarioses of cabbage, flax, tomato, and certain other plants^ 

■ and that, in common with these diseases, it presents a number of interest- 
ing and fundainentally important biological problems arising from the spe- 
cialized form of loarasitism represented. In continuation of this earlier 
work the WTiter has now made both histological and experimental studies 
bearing upon the questions of pathogenesis and resistance. The histological 
findings are being published in a later paper which traces the interrelation 
of parasite and host during the infection of susceptible pea plants and 
wdiicli considers the histological manifestations of disease and of resistance. 
An earlier paper (8) has already dealt with rates of water loss during wilt- 
ing. This present paper deals with experimental and observational studies 
bearing upon the questions of infection and factors which control it, the 
nature of changes in the host plant which constitute the disease, means 
whereby these changes are induced by the pathogene, and possible factors 
in resistance. The present status of knowledge concerning the diseases 
other than pea wilt which are dealt with here has been summarized so ade- 
quately in recent publications (3, 9, 11, 14) that the writer has attempted 
no general review of literature. 

One monoconidial culture (No. 182c) of the pea-wilt fungus, isolated by 
the writer from a wilting pea plant at Madison, Wisconsin, in 1926, was 
used throughout all but the initial stages of this work. The Badger variety 
of pea was used chiefly as the susceptible host plant and Horal as the re- 
sistant pea, with others introduced for comparison when needed. The seed 
came chiefly from the upper Snake River Valley of Idaho. 

1 This paper is the second of a series reporting studies conducted in the Department 
of Botany, University of Wisconsin, under a fellowship grant from the National Ke- 
search Council. The writer wishes to express his appreciation to Professor B. M. 
Duggar for his helpful advice throughout the progress of the work. 

2 Linford, M. B. Pea diseases in the United States in 1928. th S. 

Plant Indus. Plant Dis. Bptr. Suppl. 67. 1929. 
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PATHOGENICITY OF THE WILT FUNGUS 

Although there was no reason to doubt the causal connection between 
the fungus and the disease under consideration, still certain unexplained 
variations in the natural and experimental development of pea wilt, whieli 
the writer had observed, suggested that some undetermined complit3ating 
factors might be involved. As a safeguard against inisinterpretation of 
histological and other studies the following experiments were conducted to 
ascertain more definitely the pathogenic capacity of the pea-wilt Fusarium. 
Since it had already been shown that soil temperature is a major controlling 
factor in pathogenesis (7) these studies were conducted within the range 
of temperatures favoring the rapid development of disease. 

PATHOGENESIS IN PURE AND MIXED CULTURE 

To test the possibility that an association of other microorganisms with 
the wilt fimgns might be essential for the development of this disease, in- 
oculations were made under pure-eulture conditions in large cotton-plugged 
culture tubes (3.5 x 20 cm. and 5 x 40 cm.). Water agar, soil-extract agar, 
and soil were used as substrata. Selected seeds from a clean lot of Badger 
variety were snrfaee-sterilized^ and, as a test of sterility, were planted an 
inch apart in Petri dishes of soft potato-dextrose agar. After germination 
had begun, the most uniform and vigorous seedlings were transferred indi- 
vidnally with flamed forceps to separate culture tubes. These large tubes 
of soft agar (prepared with either tap water or soil extract with 1 gram of 
dextrose added per liter) were inoculated with the wilt fungus at the time 
the germinating seeds were planted. Roots and mycelium then penetrated 
the soft agar together to a depth of several centimeters and infection of the 
roots resulted. When sufficient substratum was provided and when the 
plants were allowed to stand long enough, leaf symptoms developed that, 
while different in detail from those whieli characterize the disease in open 
pot culture, were sufficiently similar to indicate tlieir essential identity, 

In early experiments, inoculation of tubes of sterile soil at the time 
germinating seeds were introduced led to the complete rotting of a high 
percentage of the seedlings. This difficulty was overcome by introdiicing 
the wilt fungus 1 week before the seedlings, Mycelinrn developed rapidly 
during this time and became clearly visible in the soil. Thereafter, mycelial 
growth was less conspicuous. 

To compare the development of wilt in pure and mixed cultures, large 

3 The following procedure proved satisfactory: Wet the seed in 70 per cent alcohol, 
soak 1 minute in mercuric chloride (1-1000), rinse and soak in sterile water for 2 hours, 
treat a second time in mercuric chloride for 30 seconds, rinse several times in sterile 
water, and drain. 
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culture tubes of soil were prepared as indicated in table 1. Sterilization 
consisted of autoclaving tbe cotton-plugged tubes at 15-pounds pressure on 
3 successive days. Soil with uniform moisture content was used, and ap- 
proximately this content was maintained by the addition of sterile water 
from a volumetric pipette to restore loss as indicated by weight. Germi- 
nating peas were introduced 1 week after inoculation of the soil, and then 
3 days later these tubes were stood in a flat of moist sand in the greenhouse 
in indirect sunlight where the air temperature varied between 18° and 
26° C. 

From table 1 it is seen that the wilt disease developed only in series E 
and P, inoculated with the wilt fungus after sterilization of the soil, with 
or without the supplementary addition of raw noninfested soil. Even the 
addition of 5 ec. of infested soil to the sterile soil in series D was without 
apparent effect, for the two plants in this series were still healthy after 40 
days. In series E, inoculated with a pure culture of Fusarntm orthoceras 
var. the disease developed rapidly and more typically than in the agar 
cultures. All 6 affected plants developed symptoms that were clearly char- 
acteristic of the disease, although not identical with those observed in open 
culture. Root injury was more pronounced than is typical of the disease 
and involved extensive cortical decay. Vascular invasion was relatively 
limited and, where it did occur, was less restricted to the xylem and more 
general in the cambium and phloem than is typical of the disease. These 
departures from the usual development are regarded as due solely to the 
peculiar environmental conditions within the cotton-plugged tubes, which 
modified both structure and function of the host plant. 

Prom these results it is clear that the wilt fungus is capable of indepen- 
dent parasitism. Although it is not established that other organisms are 
never involved in a mutual relatiomship, the failure to detect any beneficial 
influence upon the disease of such mixed populations as were obtained in 
the experiment probably means that such a possible relationship is at least 
rare and unimportant. 

ROOT WOUNDS IN RELATION TO INFECTION 

The weak cortical parasitism of the pea-wilt fungus suggested that 
w^ounds might aid its entry into the vascular system. This was tested in 
two types of experiments. In several different plantings, young seedlings 
of susceptible and resistant varieties grown in flats of infested soil were 
subjected to root pruning. A long-blade knife thrust vertically into the 
soil was used to remove the young lateral roots from one or more sides of 
the taproot. In no case did such treatment lead to an earlier development 
of symptoms in susceptible plants or destroy the resistance of resistant 
plants. 
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TABLE 1 . — Development of Fiisarnim-wilt symptoms in Badger peas groum B'o days 
from pariialXy germinated seeds in large ciilture indues of soil prepared as indicated ; 
a comparison of pure and mixed moculation 


Series 

JSTumber 
of plants 

Soil and its preparation 

Condition of experimental plants 25 
days after planting the partially 
germmatecl seeds 

A 

4 

Thorouglily infested from 
former experiments. 

Seedlings all cleeJiyetl before germi- 
nation was complete. 

B 

2 

Sterilized. 

Both healthy. 

G 

2 

Sterilized, with 5 ce. raw 
soil added. 

One healthy Avith roots browned 
slightly; one clAvarfecl and pale 
with roots partly decay eel. 

B 

2 

Sterilized, with 5 cc. in- 
fested soil added. 

Both healthy. 

E 

8 

Sterilized, with culture of 
wilt fungus added. 

\Vilt symptoms in six plants: groAvth 
of apical buds eheedeed, stems savoI- 
len and succulent, leaves of tAvo 
plants wilting and those [>f four 
pale and distorted. Two plants 
apparently sound. 

F 

4 

Sterilized, with raw soil 
and wilt fungus added. 

AVilt symptoms of unilateral dAvarf- 
ing Avith leaflet distortion in one 
Xdant; one plant dying from decay 
of hypocotyl; tAVO died early from 
seedling rot. 

G 

2 

Sterilized, with cultures 
of wilt fungus and 
Pythimn sp. added. 

Both healthy. (Bcttli died later from 
PythiuiAi rot.) 


111 the second type of experiment, plants were grown 16 days, to the 5- 
or 6-iiode stage, in clean soil and then transplanted to clean and to infested 
soil. These seedlings were removed from the soil with care to ininimize root 
breakage, and the controls were replanted directly. The plants to be 
wounded, however, were pruned severely: the taproot was cut bacdv to 50 
mm., lateral roots were cut to 10 mm., and, to proidde a corresponding re- 
duction of leaf surface, petioles were cut away, leaving only tlie stipules. 
Five plants each of Badger and of Horal peas were planted pruned and 
unpruned in clean and in infested soil, making 40 plants in all. In the 
clean soil plants of both varieties, whether pruned or not, recovered 
rapidly. In the niiprnned controls even the tips of most lateral roots were 
unharmed, while in the pruned plants the roots branched out freely and 
new leaves were formed. 

Ill the infested soil all plants of the susceptible Badger variety devel- 
oped characteristic symptoms of the disease ; and this development was dis- 
tinctly earlier in the unpruned controls than in the pruned |>lants. Dead 
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and dying- roots were more numerous on the plants that had not been 
pruned. The resistant variety, Horal, developed no wilt symptoms in aerial 
parts following either treatment, although some dead rootlets were found 
on both pruned and unpruned plants. Microscopic examination of many 
wounded roots failed to disclose any significant entry of the fungus into 
the vascular system through a wound. Wounding of fairly mature roots as 
carried out in these experiments thus appears to be unfavorable to the early 
development of this disease and to have no effect upon inherent resistance. 
This latter point is in agreement with the recently published work of 
Wade (13). 


INFLUENCE OF AMOUNT OF INOCULUM IN THE SOIL 

When peas are planted soon after an abundance of pure culture of the 
wilt fungus has been introduced into sterilized soil, even at a temperature 
favorable for the disease, pea wilt often develops slowly and irregularly. 
A delayed planting or a second planting after the first peas have been re- 
moved from the soil usually leads to an early development of the disease. 
A somewhat comparable phenomenon has been observed under field condi- 
tions in the natural development of pea wilt. The disease tends to develop 
earliest in parts of a field in which it has been present former years. Thus 
the areas that are infested one year will commonly show an earlier death 
of plants in the next planting than will the surrounding areas into which 
the wilt fungus has spread during the intervening time. Two of the pos- 
sible interpretations of these phenomena are (1) a direct relationship be- 
tween abundance of the fungus and promptness of infection and (2) a 
gradual and deleterious modification of the soil as a result of the presence 
of the fungus. To test the former of these possibilities the following ex- 
periment was conducted. 

Peas were grown comparatively in thoroughly infested soil and in such 
soil diluted to various degrees. The infested soil had been inoculated after 
sterilization 10 months earlier and had since been proved highly infective. 
Dilution at the time of planting was in two parallel series, (A) with fresh 
uncooked soil and (B) with similar soil sterilized in the autoclave 6 days 
earlier. The infested soil was diluted to the fractional concentrations in- 
dicated in table 2, and each diluted sample was sifted repeatedly through 
a 4-iiich-mesh sieve to insure thorough mixing. Badger peas planted in 
6-inch clay pots of this soil were thinned upon emergence to 10 seedlings, 
some of ■which were then lost from damping-off. 

Table 2 presents the results of this experiment and figure 1 illustrates 
representative pots after 25 days. Control plants remained healthy 
throughout the experiment; all plants in the full-strength-infested soil 
were fully wilted in 25 days. In both dilution series the disease developed 




Phytopathology 


[Yol. 21 


Fig. 1.' Influence of concentration of inoculum upon the development of pea 'vvilt. 
These photographs, taken 23 days after planting the seed, show progressive retardation 
of the disease with progressix^e dilution of the, infested soil used as iiuu-uluiiu Note tha,t 
the control plants are larger in series A, diluted with uncooked field aoii, and tliat tlie 
disease is more advanced in the various dilutions of this series than in series If, -whicdi 
was diluted with autocdaved soil. Compare with table 2. 

more slowly as the degree of dilution increased; this was inirtlcnlarly con- 
spicuous in series B, diluted with sterilized soil. Thus it is apparent that 
in plants exposed simultaneously to infection the disease may develop at 
very different rates, depending on the abundance of the wilt fungus in the 
soil or, at least, upon the proportion of infested soil in the soil mixture. 
This suggests that the rapid development of the disease in thoroughly in- 
fested soil may be a result of infection by the wilt fungus at many dilferent 
points on the root system. The pronounced dwarfing which was observed 
in the greater dilutions (Fig. 1, B 1/16), even in the absence of other symp- 
toms of the disease, suggests that in some way the wilt fungus may injure 
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tlie pea plant without eiitei’ing the vascular system and thus completing’ 
infection. 

MODIFICATION OF THE SOIL BY THE WILT FUNGUS 

Some direct modification of the soil by the development of the wilf 
fungus might, if demonstrable, account for some of the variations indicated. 
Eosen (11) has suggested that the cotton-wilt fungus, Fitsarmm vasinfec- 
tuiThy which he reports has the property of reducing nitrates to nitrites, 
may cause nitrite injury to cotton roots and thereby produce the wilt dis- 
ease without infection. His evidence seems uncertain at several points and 
Young, Ware, and Janssen (15) in later work found no support for the 
view. To test this with respect to pea wilt, several attempts were made to 
detect any possible toxic action of thoroughly infested soil which might aid 
in the development of early stages of the disease. Since only negative re- 
sults were obtained, the 'work will not be described in detail. In one exper- 
iment, all water which reached the roots of plants grown in small porous 
cups passed in through the porous walls from an outer container of infested 
soil. In another, peas w^ere grown in water culture in soil extracts from 
clean and from infested soil. In still another, infested soil wms partially 
sterilized by various heat and formaldehyde treatments, but there was no 
development of symptoms in the absence of the fungus. Although these 
negative results are not wholly conclusive, they indicate very strongly that 
any influence upon the plant which the wilt fungus may have before it has 
become established in the vascular system of the roots is to be attributed to 
a direct action of the fungus developing upon the root surface or -within 
the superficial layers of the cortex rather than to any indirect action 
through modification of the soil. 

DISCUSSION OP PATHOGENICITY 

These studies, althougli somewhat iiiconelusive at several points, sug- 
gest that the pathogenicity of the pea-wilt fungus is readily disturbed by 
various conditions in addition to the important controlling factor of soil 
temperature. The need for a well-standardized and ample inoculum in 
future studies of this disease is apparent, particularly in wurk that de- 
mands the use of sterilized soil, for it is clear that the rate of development 
of the disease may vary widely as a result of varied inoculation and that 
soil which has been sterilized with steam is relatively unfavorable for the 
disease. Such soil is likewise unfavorable for the healthy pea plant, "which 
suggests again (7) that the disease develops best under conditions which, 
except for the presence of the wilt fungus, are most favorable for the 
growth of the healthy pea plant. The demonstration that the pea-"wilt 
fungus is able to enter the vascular system and produce the disease without 
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the aid of other microorganisms and that such entry is not facilitated by 
gross wounds in the roots is in agreement with the earlier experience (7, 
pp. 3P-36) that simultaneous infection with Aphanomyces euteiches 
Drechsler and the wilt fungus in no important manner affected the course 
of the wilt disease or lowered the degree of varietal resistance. These evi- 
dences, together with the narrow host range of the pea-wilt fungus, indi- 
cate that we are here dealing with a highly specialized type of parasitism. 

It should be pointed out that recent advances in soil science, as recorded 
by Hendrickson and Veihmeyer (4, pp. 3-7), have shown the writer’s 
earlier experimental work (7, pp. 14-17) on the influence of soil moisture 
on this disease to rest upon an unsound basis. The same is true generally 
of a great deal of phytopathologieal work in which essentially the same 
technique has been employed and the assumption made that different soil- 
moisture contents were being maintained experimentally. 

ANALYSIS OF SYMPTOMS AS A KEY TO PATHOGENESIS 

The writer pointed out earlier (7) that, in the Fusarium wilt of peas, 
wilting is not the most characteristic symptom and may, indeed, be com- 
pletely absent when this disease assumes more the nature of cabbage yellows 
than of such wilt diseases as of tomato and flax. Whether death of the 
plant comes with wilting or with slow necrosis of the leaves, it is preceded 
by a series of conspicuous and diagnostically important changes which are 
significant indications of a disturbed physiology of the plant. Peas grown 
under conditions favoring early development of the disease exhibit the pre- 
liminary symptoms indicated in figure 2, A. Dwarfing results first chiefly 
from a reduced length of internodes and petioles but later, also, from re- 
tardation and then cessation of growth from the apical bud. Stipules and 
leaflets, reduced in size, become conspicuously rolled and distorted. The 
lower internodes of the stem increase in diameter and the entire shoot be- 
comes more rigid, apparently from increased turgidity. The normal color 
gives way to slight yellowing of the leaves and to a superficial grayness 
suggesting an excess development of waxy bloom. Figure 2, B, illustrates 
the accompanying depression of root development. 

Kealizing that any attempt to understand the process of pathogenesis 
must have as a basis a clear picture of the disturbances in physiology and 
structure which constitute the disease, an attempt has been made to define 
more exactly the nature and extent of some of these changes. 

For these studies, Badger variety peas were grown in deep flats of un- 
sterilized clean soil and of infested soil that had been prepared by inocu- 
lation with the wilt fmigns after sterilization several months before. They 
were grown in the greenhonse, where the temperature fluctuated between 
18° and 25° C. With the few exceptions noted, diseased plants were se- 
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Fig. 2. A. Symptoms ■\vhieli preeede wilting in tlie Fiisarinm \Yilt of peas. At the 
right is the upper portion of a healthy Badger pea seedling in the 7-node stage. At the 
left is a corresponding portion of a plant of the same age grown in wilt-infested stnl 
and showing an extreme development of the characteristic symptoms which preeede wilt- 
ing in young plants. Note the shortened internodes and petioles, the dwarfed leaf 
laminae, the backward rolling of the lateral margins of the stipules, and the irregular 
distortion of the leaflets. Drawn from nature. B. Root dwarfing, a symptom of j)ea 
wilt. The root system at the left is typical of plants of the Badger variety grown 23 
days from seed in the greenhouse in a 10-inch depth of clean soil. Tliat at the right is 
of a plant of the same age and variety grown in wilt-infested soil. The shoot of this 
latter plant w''as wilting at the time this record was made, but there hud been no ap- 
preciable root decay in either plant. Drawn from a photograph. 

lected in wMeli the preliminary symptoms tvere far advanced but before 
leaf necrosis or wilting had begun. 

RATE OF DRYING OF HEALTHY AND DISEASED TISSUES 

The writer observed earlier (7, p. 7) that diseased pea plants, wlien re- 
moved from the soil, witlier more slowly than do liealthy plants. This ob- 
servation was tested quantitatively in the following comp)arison of rates of 
water loss from stem segments exposed to drying. Samples for this deter- 
mination were each composed of 10 pieces of stem cut to the iiiiifonti length 
of 15 mm. Samples were prepared in duplicate from the aerial and subter- 
ranean portions of diseased and healthy plants, 28 days old from seed. In 
taking these samples, a block of stem, 5 mm. long, was cut away from the 
transition zone before the 15-mm. pieces were taken from the adjoining 
aerial and subterranean regions. Each sample was placed immediatel}?' in 
a dried and weighed weighing bottle with fitted stopper. AATtli the aid of a 
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vernier caliper, nieasnreinents of stem diameter were made near the ends 
of every sample piece before the stems were cut. 

Each bottle containing its sample was weighed and then its contents 
were spread to dry upon a fine wire screen, supported 14: inches above the 
table top, in a dark room where the temperature remained within the limits 
of 26.6“ and 27.7° C. After 2 hours exposure the samples were returned to 
their bottles and weighed, after which they w^ere again spread to dry. Al- 
ternate drying and weighing then proceeded until all samples had come to 
constant weight, the periods of drying being lengthened as the rate of 
water loss declined. Figure 3 presents graphically the results of this deter- 
mination, each curve representing the average of duplicate samples which 
checked closely throughout. 



Fig. 3. Comparison of rates of drying of aerial and subterranean stem samples of 
iliseased and liealtliy pea plants when exposed to the dry air of a constant-temperature 
dark room. Each curve represents the average of duplicate samples of 10 pieces of 
stem each, prepared as described in the text. 

The healthy stem samples, both aerial and subterranean, lost water 
much more rapidly than the diseased and came to equilibrium with the air 
of the drying room in approximately half the time. The greatest contrast, 
Imwever, came in the rapid drying of subterranean as compared with aerial 
samples, both healthy and diseased. This suggested that part of the dif- 
ference between the healthy and diseased might lie in a different condition 
of the epidermal covering. A less detailed eoniparisoii was therefore made 
ill which the sample pieces were split lengthwuse before exposure. These 
lost "water much more rapidly than did the unsplit, but still a striking dif- 
ference between healthy and diseased pieces indicated that at least part of 
the ^vater retentiveness results from a direct change in the internal tissues 
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of ttie stem. Comparative determinations indicated that leafy shoots dried 
to equilibrium less rapidly than the stem samples but showed a similarly 
great difference between diseased and healthy plants. 

DRY MATTER AND ASH CONTENT 

After these samples had reached equilibrium with the air of the drying 
room, they were dried to constant weight in the oven at 110° C, They 
were then transferred to baked-porcelain crucibles and incinerated to con- 
stant weight in an electric furnace. All the data are presented in table 3. 

Striking differences between diseased and healthy plants are shown by 
these data with respect to the several points compared. In cross-sectional 
area the diseased aerial stems were 22.7 per cent greater than the healthy ; 
in weight they were 44.5 per cent greater ; and in computed specific gravity 
they were 13.5 per cent greater than the healthy. Consistently, the diseased 
plant samples showed a larger percentage of dry matter than did the 
healthy, the difference being greater in the subterranean samples (52.7 
per cent) than in the aerial (25.9 per cent). Ash was almost directly 
proportional to dry matter, amounting to about 11.0 per cent of the oven- 
dry weight in all samples. It was thus more abundant on a fresh-weiglit 
basis in the diseased plants. The diseased stems not only contained a 
smaller percentage of water in the fresh condition but they retained more 
of it in the air-dry condition than did the healthy stems. Hygroscopic 
water amounted to 6.1 per cent of the dry weight in the healthy aerial 
stems compared with 8.7 per cent in the corresponding diseased stems. 

OSMOTIC VALUE OP DISEASED AND HEALTHY TISSUES 

The above data as well as evidence from histological studies suggest that 
important changes in cell contents throughout the plant are involved in 
the development of this disease. To test this further the plasmolytie 
method was employed for a comparison of the osmotic value of cell sap 
in healthy and diseased stems. The plants used were grown as indicated 
above but were in later stages of the disease and showed abscission or 
wilting of parts of some but not of all leaves. For comparison a few plants 
were taken in other stages of the disease. The tissue employed was tlie 
outer one or two layers of green subepidermal parenchyma from the second 
internode of the stem. This was chosen because of the ease with which 
suitable plastid-bearing cells were obtained from a uniform position by 
stripping off a portion of the epidermis with bits of adherent cortical 
tissue. Test solutions were prepared by dilution with double-distilled 
water from a molar solution of sucrose, and the actual tests were made in 
hollow-ground microscope slides. A separate plant was used for each of 
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the 70 test mounts exaiuiiied in this study. The average figures for osniotie 
values thus determined are set forth below, together with the eonceiitra- 
tion percentages of the isosmotic sucrose solutions and the calculated 
equivalent osmotic pressures : 



Healthy 


Osmotic value at incipient plasmolysis in terms of molar sucrose 



solntimn 

0.37 

0.54 

Percentage concentration of sucrose in the isosmotic solution 

12.7 

18.5 

Osmotic pressure, in atmospheres, of isosmotic sucrose solution 



at 22° C 

8.96 

13.08 


These average figures indicate an osmotic value 46 per cent higher in 
the diseased than the healthy plants. Of the healthy indiYiduals tested 
none showed plasmolysis in 0.3 molar sucrose, while all plasmolyzed in 
0.38. A few young plants gave plasmolysis in 0.35 and 0,36 molar solu- 
tions. Of the diseased plants, none gave plasmolysis in 0.53, but all did 
in 0.60 molar and stronger solutions. Practically all afl’ected plants in 
medium and medium-late stages of the disease reacted similarly, but plants 
which showed very early symptoms and those that already had withered 
back to the succulent stem base commonly gave plasmolysis in solutions 
somewhat less concentrated than 0.53 molar. No evidence of extreme 
permeability of the cell membranes was detected in these determinations. 
Cells remained plasmolyzed without apparent change in the sugar solutions 
for 10 minutes or longer hut recovered promptly when the solution was 
diluted or replaced with water. 

EEGENERATION OP AFFECTED IUjANTS 

When conditions prevent the rapid development of the disease, dying 
plants commonly |)roduee one or more lateral shoots from their basal nodes. 
As shown in figure 4, such shoots may develop after the primary stem is 
almost dead and may remain healthy after it is completely withered. A 
number of sprouts may arise successively and grow to a height of several 
centimeters before each in its turn collapses. In the rapid development of 
the disease such sprouting may be absent or may he reduced to the forma- 
tion of a few short stems which soon wither. 

Kegenerative ability is shown also by the experiment snmmarized in 
table 4 on the rooting of cut stems in water. Perfection variety peas, 26 
days old from seed, some healthy from clean soil and others in early and 
medium stages of the disease, were washed from the soil, cut under water 
just above the cotyledons, and placed in culture tubes of tap water. These 
were held 8 days in the greenhouse before the data were taken. All the 
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Fio. 4. SiDi'Oiit from the basal internodes of a pea plant affected with, the Fusarinm 
wilt disease. The diseased plant on the right has undergone i^rogressive withering of 
leaves up to the apical bud without a distinct wilt phase and has sprouted from the 
second node, as is characteristic of the slow development of this disease. The cross C^) 
represents the height to which the fungus extended in the primary shoot as determined 
microscopically. This sprout showed no symptoms of the disease. Horsford^s Market 
Garden variety peas grown 47 days in sparingly inoculated soil in a cool greenhouse 
where the temperature fluctuated between 14® and 20° C. 


TABLE 4, — Troduciion of adventitious roots and axillary shoots hy healthy and diseased 

pea stems in a period of 8 days 



Stems from healthy plants 

Steins from diseased plants 

Plant 

number 

Adventitious 

roots 

Axillary shoots 

Adventitious 

roots 

Axillary shoots 


Number 

Total 

length 

Number 

Total 

length 

Number 

Total 

length 

Number 

Total 

length 



Mm. 


Mm. 


Mm. 


Mm. 

1 

3 

72 

0 

0 

10 

3S7 

0 

0 

2 

3 

36 

2 

12 

12 

330 

0 

0 

3 

4 

36 

0 

0 

9 

128 

1 

23 

4 

0 

0 

0 

0 

13 

201 1 

1 

37 

0 \ 

o 

3 

0 

0 

3 

35 1 

1 

22 

6 

3 

72 

0 

0 

9 

95 

1 

12 

7 

2 

4 

0 

0 



[, 


Average 

2.4 

31.9 

0.3 

1.7 

9.3 

192.7 

- 0.7 

15.7 
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diseased plaittSj with the exception of nnniher 5, which, initially, was in a 
more advanced stage of the disease, developed a larger nnmher of roots and 
a greater combined root length than any of the healthy plants. Shoots 
appeared on 4 of the 6 diseased and on only 1 of the 7 healthy plants. 
Moreover, in 4 of the diseased plants, growth of the apical bnd was lesnnied 
with the formation of new leaves free from rolling and distortion. 

r)ISctrssI□]^T of symptom studies 

These various data and observations indicate clearly that the wilting or 
death of an affeeted pea plant is preceded by a series of profound disturb- 
ances in metabolism and growth which cannot well be ignored in future 
studies of this and related diseases. Theories of pathogenesis that have 
been focused chiefly upon the process of wilting and that have stressed the 
possible diminution of w’ater supply to the leaves appear completely inade- 
quate, for the actual wilting occurs, in this disease at least, as a relatively 
unimportant culmination of a long series of changes that are in no wmy 
simulated by experimentall 3 ’'-induced drouth. It seems probable that both 
the hypertrophy of parench^unatous cells and the increased rigidly of 
affected plants are attributable to the increased osmotic value of the cell 
contents which results, in turn, from accumulations of soluble reserves. 
In part, however, the rigidity is due to an increased thickness of cell w^all 
and an abnormally early maturation of the skeletal tissues of the shoot. 
The marked increase of organic as well as inorganic reserves in diseased 
plants, together with the regenerative ability of snch plants, suggests that 
the symptoms considered here do not result from a general starvation of 
the plant as a whole. Either the synthesis of abnormal materials poorly 
suited to the growth needs of the plant or an interference with the ntiliza- 
tion of normal synthetic materials for growth is suggested. Failure of 
translocation is indicated particularly by the sprouting of affected plants 
from their basal nodes after apical growth of the primary axis has stopped. 

The suspicion that a carbohydrate-high condition was indicated was not 
justified when graded applications of calcium nitrate were without appar- 
ent effect until applications were used that dwarfed even the check plants 
in noninfested soil. It is suggested that chemical analyses of the reserves 
accumulated in diseased plants might yield a more definite clue to the 
nature of the basic physiological disturbances involved. 

WULTING INDUCED BY TOXIC CULTURE FILTRATES 

Following the demonstration by Hutchinson (6), Braudes (1), and 
others, that a liquid culture medium in which a pathogenic microorganism 
has grown will cause wilting when introduced into cut stems of the host 
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plant, considerable attention has been devoted to toxicity theories of the 
pathogenesis of those wilt diseases in which the pathogene invades prima- 
rily the vascular tissues. Assuming that a fungus liberates the same toxic 
substances within the vascular system of its host plant as it does in a 
staling culture, a study of the wilting induced experimentally in cut stems 
by culture filtrates or fractions of such filtrates should provide a key to the 
nature of wilting and of the toxic substances involved in pathogenesis. 

Haymaker (3) has presented evidence recently in support of the view 
that such studies are applicable to the problem of resistance as well as of 
pathogenesis. Working with the Fusarium wilt of the tomato he wus able 
to simulate the symptoms of the disease more closely than others have 
done, including some aspects beyond mere wilting and collapse of leaves 
and stems. Moreover, he found a direct correlation between degrees of 
IDathogenicity of Fttsarium lycopersici and toxicity of its metabolic prod- 
ucts. Culture filtrates were more toxic w’^hen the fungus was grown at 
the optimal temperature for pathogenesis than wiien grown at other tem- 
peratures. Filtrates from cultures of highly pathogenic strains of the 
fungus w'ere more toxic than those from wnakly pathogenic strains. And, 
of special interest in this present consideration, he demonstrated with 
many varieties of tomato what White (14) had found with twn, that 
varieties, resistant to the wilt disease, are less readily damaged by these 
culture filtrates than are the susceptible varieties. 

experimental studies 

To determine the applicability of these findings to the problems of 
pathogenesis and resistance in pea wilt, the wuiter has used chiefly the 
technique of placing cut pea stems into filtrates from solution cultures of 
the wilt fungus and observing the wilting or other injury that resulted. 
Pea seedlings w^ere growm in i2-inch clay saucers of autoclaved soil in the 
greenhouse wiiere the temperature varied betw^een 19° and 25® C. All 
saucers were kept under the same conditions on the same bench. Seedlings 
were used at the age of 20- to 23 days in the different experiments. They 
were w^ashed from the soil to avoid breaking; the roots were washed clean; 
and each stem wus cut oft under w^ater with a razor blade at a point just 
above the cotyledonary node. The cut stems w^ere then rinsed in boiled 
w^ater and transferred to the test solutions. 

For the toxic culture filtrates, strain 182e of Fusarium orihoceras 
pisi was growm in Whitens modification (14) of Eiehards^ Solution,^ with 
250 cc. in each liter flask. Cnltures were inenbated‘15 to 22 days in the 
different series at room temperature, 20® to 24° C. The filtrate was then 

4 KNOa, 10 gm.; KH-PO^, 5 gm.; MgSO„ 2.5 gm. ; FeClg, 20 mg.; dextrose, 50 gm.; 
and -water, 1,000 ec. 



table 5.— -Varietal stmepUMUty to the tomo action of filtrates from Meharch^ solution oulUi^eS of the x^ea-ioilt fungus, Fusarium 
oTthoceras var. pisi, and of solutions of the alcoholic precipUaie from such filtrates 


814 


PHYTOPATHOLOGfY 


[VOL. 21 


cy 

ns c 

o 

4^ ii 

®H c3 X 

ci o S 

^ ’rcj ^ 

.S-2'S 

'So 52 “ 
o 

o o 
;>< g 

rc! r=? ^ 

Os '3 


fciJD 


•S s 


53 ^ 

H o 

CQ 


bJD 

54 


o C3 <33 

ca -rt oS 

ft 

® yi 

a 

•J 

s .s S 


o «J 

• 1-1 3 

3 ^ 


CZ2 «H 


03 

Fh 

S? «4 


o: 

o 


S hi i o 


3i ijy 35 OO rH O CD 
iH D1 tH OO CO CO 


ft 3. ft _ in ID 13 


ft pn O tH o O O 


P-< »-! ! 01 Tti ® Dl D1 VO 

^ i 


fi( |00 O tH 31 31 rH (M O (M 




cti CO ’Tf) VO VO oq ^ 


31 ft 13 »> CD t- t- VO lO 


P4 N 


Pu 31 


^VOOOcOCDCDTHiO 


t- b- C50 '<+1 03 00 CO ft 


c. 

® F-i, 

O O A* 
OQ P4 

S'S-g 

o ' ;:;s 

35 o -+3: 

-s ;3 -I 

’=^ 2; 
> 




54 

o 


w II 


® J4 52 

iUD ® c3 


I no no 

, < ^ 




a . 


S g 4 

ft fH 3; 4lD o liii 

33 05 O o r; 

^ fii W 0 is: 


H -r* 


D 0 

^ ^ P= 

rC-r 45 DC- 

30 s 

'H “ si 

41 CO 


ft Fh 
ft i3 


■a; 


^ J? . 

M 'JS 1 1 sH 

> ftr3 3 

c« OJ S 

^2 r3 Fh p 
. §1“ 
11'^ i 

0 r 45 b := 
t> +i. 73 "re 

, S "H 


bUrQ 


|l 

O 4^ 
SH ^ 


UJ ' 

^ J 4 1 
CD p *' 


CD 

44 

4J 

ft C 
ftr- 


3 3 

rQ SH 


03 2 

P .5 0 


CO 

3 

^ Ih 

H p 
‘ rt -j-j 
Dm ly 
■3 ® f 

ti , 3 


p 

3 .1 


r3 

pn 


p &a 


M 

tc 

<y 


3 

"3 


*3 


hJO 

44 ■ 


FH: 

02 

44 


;4 

D 


ft 

' 5^ 


M o UJ 

&iO*rt 44 

_, • M 

43 ^ 

3 o 4 

^ 'S 

'T 'IJ ^ 

y M 73 
ft 


S 42 1 - 


m 


X CD 
P CD 

ft JH 

e) 3 c 


fcJD 

be 

3 

. , co‘ 

II 

J-T' os 


ftr2 “ 

.2 B ^ 

B ft 3 
P H iS 

^ eft ft 

s 

- '^"= 
S 

*2 



1931] Linford : Pathogenesis and Resistance in Pea Wilt 815 

prepared by repeated passage through fine filter paper and was diluted as 
needed by the addition of boiled distilled water. Controls consisted of 
boiled water and of sterile Richards' Solution, filtered and diluted as 
indicated. 

Preliminary experiments with this technique indicated that both resis- 
tant and susceptible varieties of peas will wilt when treated in this way. A 
more extensive experiment was then conducted, as indicated in table 5, 
trial I, to compare in detail the responses of resistant and susceptible 
varieties. Seedlings of 8 varieties, 21 days old, were prepared as indicated 
above and placed singly in duplicate culture tubes of water, of sterile 
Richards' Solution, and of filtrate from 15-day cultures, the latter two in 
three concentrations; full-strength, half -strength, and quarter-strength. 
All plants in water and in the diluted Richards' Solution (Fig. 5, plant 5) 
remained fresh and turgid. In the full-strength Richards' Solution a gen- 
eral flagging (Fig. 5, plant 4), very different from wilting, was observed 
in all varieties except Green Admiral (R)” and Perfection (S),^" which 



Pig. 5, Wilting of the disease-susceptible Horsford variety in stale culture filtrates 
and flagging in Kichards' Solution. These excised stems were photographed after 19 
hours in solutions as follows: 1, full-strength culture-solution filtrate; 2, half -strength 
filtrate; 3, quarter-strength filtrate; 4, full-strength sterile Richards^ Solution; and 5, 
quarter-strength Richards’ Solution. Note the distinction between wilting, as shown 
by plants 1, 2 and 3, and fiagging, as shown by plant 4. See trial I, table 5. 

(R) and fS) represent resistant and susceptible varieties, respectively. See foot- 
note s table 5. 
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remained turgid. lYilting oceurred in the culture filtrates in all varieties 
in proportion to the concentration of filtrate. Furthermore, the 8 varieties 
differed considerably among themselves in their susceptibility to injury?', 
as is seen by inspection of the column of totals under trial I. While the 
highest index of wilting^ observed, 26, was for the susceptible variety Ad- 
vancer, and tbe lowest, 16, for the resistant Green Admiral, the total of 
the four indices for the disease-resistant varieties was slightly greater 
than for the susceptible varieties. In other words, while there were distinct 
differences in the reaction of the several varieties, there was no apparent 
relationship between this and resistance or susceptibility to the wilt disease. 



_ Fis. 6. Pea shoots Tvilting in stale culture filtrates after 20-hours exposure. See 
taal II, table 5. A. Type of injury observed in tlie disease-snsceptible variety, Advancer. 
Tbe plant at the left has stood in half -strength filtrate from a 22-day culture of the 
pea~mlt fungus in Bicharls^ Solution; that at the right in half -strength sterile Eichards^ 
bolntion. B. Gomparisoii of wilting in the disease-resistant variety Horal (left) and 
the disease-snsceptible Badger (right) in half -strength filtrate from a 22-clay culture, 
s See footnote table 5. 
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In another experiment, trial II of table 5, 20-day seedlings of the same 
8 varieties were tested with filtrates from 22-day cultures. To avoid flag- 
ging and to retard wilting, full-strength filtrates and Richards’ Solution 
were omitted and 1-strength solutions were added. Figures 6, 7 and 8 illus- 
trate some of the test plants after 20 hours. In water and in the diluted 
Richards’ Solution, all plants of all varieties remained turgid after 24 
hours. In all dilutions of filtrate, all showed some injury with the excep- 
tion of 2 varieties in the greatejst dilution. Wilting, again in this experi- 
ment, was proportional to the concentration of the filtrate and varied from 
one variety to another but was not related to the resistance or susceptibility 
of these varieties to the wilt disease. For example, figure 6, B shows dis- 
tinctly greater injury in the Horal (R) than the Badger (S), and figure 7, 
comparing 2 resistant varieties, shows much greater injury in Rogers’ K 
than in Green Admiral. In this trial the total index of wilting was again 
slightly greater for the 4 resistant than the 4 susceptible varieties. 



Fig. 7. Comparison of wilting in two disease-resistant varieties in stale culture 
filtrates. These plants, Rogers ^ K at the left and Green Admiral at the right, have 
stood 20 hours in half-strength filtrate from a 22-day culture. See trial II, table 5. 

Since this observed absence of correlation between resistance to disease 
and resistance to toxic wilting was directly opposed to the findings of Hay- 
maker (3) for tomato, another test was made rising only the alcoholic 
precipitate fraction instead of the entire filtrate. Clear filtrates from 20- 
day cnltiires were precipitated with 2 volumes of 95 per cent alcohol, 



TABLIj 6. Light varieties of listed in the descending order o 


818 


Phytopatiiology 


[VoL, 21 




1931 ] Linford : Pathogenesis and Resistance in Pea Wilt 


819 


waslied with alcohol, dried, and then digested 2 hours at room temperature 
with I the original filtrate volume of distilled water. The solution was then 
filtered and diluted for use and was tested in duplicate with 23-day plants 
of all 8 varieties. This solution proved less toxic than the whole filtrate 
and produced no visible injury in dilutions greater than half -strength in 
the 24-hour period. Even at the full strength the injury produced was 
relatively slight, as shown in table 6, and yet again there were distinct 
differences in varietal behavior that were not correlated with the suscepti- 
bility of these varieties to the Fusarium wilt. 



Fig. 8. Wilting of the disease-suseeptible variety Advancer in stale culture filtrate. 
These plants have stood 20 hours in (left) distilled water, (center) quarter-strength 
filtrate from a 22-day culture, and (right) quarter-strength Bichards^ Solution. Note 
that the water lost from these tubes, chiefly through transpiration, is much greater in 
the ease of the culture filtrate, where wilting occurred, than in the Bicliards’ Solution, 
where all leaves remained turgid. 

In trial I the 2 varieties least damaged by the filtrates, Green Admiral 
and Perfection, were the only 2 that did not flag in the full-strength 
Richards’ Solution. This suggested that some difference in osmotic values, 
might account for the observed varietal differences in susceptibility to in- 
jui’y- Accordingly, after a preliminary trial to determine suitable con- 
centrations, cut stems of 15-day plants were placed in triplicate in the fol- 
lowing solutions of dextrose: 0.4, 0.6, and 0.8 molar. After 19 hours the 
index of flagging was computed as indicated in footnote table 5, as a 
numerical basis for comparison of the varieties. The varietal differences; 
thus revealed are much greater than in the toxicity tests but show no ap- 
parent correlation with either toxic injury or the wilt disease. 
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For more ready couLparison the results of these several tests have been 
summarized in table 6, where the 8 varieties are listed in the descending 
order of their susceptibility to injury in each of these tests and in the 
deseending order of stem length at the time of testing. Comparison of these 
listings reveals a general agreement between trials I and II and the 
alcoholic precipitate test, in spite of disagreement in detail, but shows a 
complete lack of agreement between these listings and the resistaiiee or 
susceptibility of these varieties to ‘the wilt disease. In trial I, 3 of the 4 
most damaged varieties were resistant to the disease; in trial II, 2 of the 
first 4 in the list are resistant; and, in the alcoholic-precipitate test, 3 of 
the first 5 are resistant. 

Susceptibility to flagging in dextrose solutions throws these varieties 
into an entirely different order of rating, which shows no correlation with 
either resistance to the disease or to toxic action but which correlates very 
elosely with the heights* of the plants at the time of testing. From this it 
appears likely that the collapse observed in the dextrose solutions is not a 
direct measure of the relative osmotic values of the test plants. 

Injury in the toxic filtrates was not proportional to height of plant. 
Bogers’ K, one of the tallest varieties, and Horal, only half as tall, are 
among the most susceptible to toxic injury and are both highly resistant 
to the disease. As a further test of the possible bearing of morphological 
characters, an experiment was made with 2 pure lines of the Alcross 
variety,® identical in appearance, but 1 resistant and 1 susceptible to the 
disease. Two 19-day plants of each pure line were tested for susceptibility 
to injury in 4 different concentrations of: (a) Bichards’ Solution; (b) 
filtrate from 17- day cultures filtered through paper alone; (c) filtrate from 
smiilar cultures filtered through paper and alundum cups ; and (d) aqueous 
solutions of alcoholic precipitate from the paper filtrate (h). Observations 
over a period, of 90 hours revealed no consistent differences between these 
strains of peas, in spite of the sharply drawn distinction in their reaction 
to the disease. 

In a minor supplementary test, toxic culture filtrates were introduced 
through cut petioles into the stems of growing plants without disturbing 
the roots. After 1 week the plants thus treated showed various external 
symptoms, none wholly characteristic of the disease. Microscopic examina- 
tion revealed no great disturbance in control plants where water alone was 
used, hilt, in both Horal (E) and Horsford (S), the introduction of cul- 
ture filtrates had led to a limited amount of gumming of the vascular tis- 

^Uifferenees in lieight are the result cMefly of differences in length of stem inter- 
nodes; in fact, 2 of the shortest of these varieties had slightly more nodes at a given 
age than 4r of the varieties of intermediate height. 

8 This seed was kindly furnished by Mr. Earl J. Benard. 
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Fig. 9. Hypertrophy of xylem and adjacent parenchyma of a leaf trace in response 
to the introduction of filtrate from a 15-day Eichards’ Solution culture of the pea-wilt 
fungus into a Horsford pea plant through a cut petiole. Drawn with the aid of a 
camera liieida, x 173. A. Hormal leaf trace in the fourth internode^ a few millimeters 
below the cut petiole and on the opposite side of the stem- B. The affected leaf trace, 
drawn from the same section as A. Note the extreme hypertrophy of parenchyma 
between and around the xylem vessels; the more moderate hypertrophy of the cambium 
and metaphloem region; the collapse of some of the protoxylem; and the crushing of 
thin-w'all pith parenchyma. 

sues and to a conspicuous liypertrophy of xylem and surrounding 
parenchyma in and around the stipule traces and leaf traces involved (Pig. 
9). The presence of pieces of mycelium in these leaf traces makes it im- 
possible to attribute all of this disturbance to the toxic substances intro- 
duced; yet the promptness with which the hypertrophy occurred in pro- 
portion to the small amounts of living fungus present suggests that the 
response was chiefly to the filtrate itself. No check with sterile Richards’ 
Solution was used. The similarity of this to the hypertrophy of cambium 
and stelar parenchyma in the development of the pea-wilt disease (7) sug- 
gests that this type of study merits further application in the testing of 
toxic culture filtrates. 

DISCUSSION OF TOXICITY 

From these studies it is evident that resistance to the Pusarium wilt of 
peas is not a question of resistance to staling products of the wilt fungus. 
This is directly contrary to the finding of Haymaker (3) with respect to 
resistance to the Pusarinm wilt of tomato. 

The type of injury produced by toxic culture filtrates did not simulate 
closely the symptoms of pea wilt, but this was not expected. Symptoms 
of this disease require for their development a period of several days during 
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which, a small hut increasing effect of the fungus must be operative, and 
the conditions imposed by this technique made this impossible. The wilt- 
ing observed in these experiments did, however, appear as closely compar- 
able to the collapse of diseased plants as might be expected in the absence 
of the preliminary changes in the plant typical of the disease. 

In spite of the' criticisms of Hursh (5) and others, this general technique 
appears to be valid, and extremely useful in studies of some aspects of 
pathogenesis. Clearly, this wilting was a result or accompaniment of col- 
lapse of the cells of, first, the leaves and, then, the stems under the influ- 
ence of toxic snhstances in the filtrates and not a consequence of a dimin- 
ished supply of water to the leaves. Unlike the conditions described by 
Ha37'maker (3) for the tomato and illustrated by Hursh (5), this toxic 
injury did not first involve a general flaccidity of the suec-ulent parts of 
the plant except when the strongest solutions were employed. With the 
more dilute solutions the affected leaflets or their margins first became 
water-soaked in appearance and dark green in color, then lost their turgor, 
withered, and dried. Collapse of petioles and stem proceeded only after 
leaflet collapse, as shown by .figures 6, 7 and 8, a very different sequence 
from that observed in the flagging of plants from lack of sufficient water in 
strong Richards^ Solution (Fig. 5, plant 4) or in the dextrose solutions. 

As appears from transpiration records (8) to be the case in the wilting 
of diseased plants, vrilting of these cut stems was accompanied by rapid 
loss of water. This question arose after the experimental work was con- 
cluded, but examination of the writer’s extensive photographic records 
of the experimental plants showed repeatedly, as indicated in figure 8, that 
more water was lost during the experimental period by the wilting plants 
than by healthy plants in the corresponding concentrations of Richards’ 
Solution. The osmotic value of sterile Richards’ Solution was probably 
nearly the same as that of the toxic filtrate. White (14, p. 229) found no 
significant difference in a similar case. It is clear, then, that the wilting 
plants in toxic solutions transpired or lost by evaporation from necrotic 
surfaces considerable amounts of water. The toxic substances were acting 
direetly upon the leaf cells and not, as suggested by Hursh, primarily dam- 
aging the vascular system of the stem. This is indicated further by the 
fact that Horal and Rogers’ K varieties, one only half as tall as the other, 
reacted in the same way in spite of different lengths of vascular system, the 
reaction being primarily in the leaves. This technique has not simulated 
the late wilting of large plants, which may sometimes involve a diminished 
supply of water to the leaves, 

GENERAL DISCUSSION 

The course of development of the pea wilt disease is more varied than 
might perhaps be implied from the foregoing considerations. The dis- 
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ease results from the interaction of one pathogenic fungus with different 
varieties of the host-plant species under diverse conditions, as of nutrition, 
temperature, and moisture j and both the course and end point of the in- 
teraction vary with the conditions. The course of the disease set forth 
here is typical for conditions which favor the rapid development of the 
disease in young plants. When, however, conditions are less favorable or 
when the host is approaching maturity at the time symptoms first appear, 
the seciuence of events is different. Throughout this variation wilting is not 
the most constant symptom, for it may be completely displaced by a slowly 
progressing but none the less complete collapse. This suggests therefore 
that wilting merits proportionately less attention than that given it by 
some investigators and that the causes of necrosis, whether slow or rapid, 
be given more consideration; particularly, since in this disease the char- 
acteristic wilting appears to differ from slow necrosis, chiefly in rate of 
progress. 

Wilting in older plants may be a different phenomenon. In pea plants 
that are half grown or larger when the disease develops, symptoms are 
more nearly those of the conventional wilt disease than those described in 
this paper. Preliminary symptoms may be much reduced; particularly, 
in plants that have attained most of their stem growth, but they can be 
detected even in nearly mature plants. It is in such large plants that 
indications of alternate wilting and recovery have been noted. Necrosis 
is sometimes less intimately associated with this late wilting; and thus 
there is the suggestion that a diminished supply of water may stand in 
a causative relationship, particularly, since microscopic examination of the 
taproot and stem base of such plants commonly reveals a great abundance 
of the fungus in the xylem vessels. While this mycelium, in itself, prob- 
ably does not greatly hinder the passage of water, still, through the libera- 
tion of carbon-dioxide as suggested for Fusariiim Uni by Tochinai (12), it 
might effectively obstruct the passages. However, even in the older plants, 
symptoms which precede wilting indicate a gradual disturbance of synthetic 
or assimilative processes of the host; and the close association of necrosis 
with wilting sometimes observed in such older plants suggests that along 
with a diminishing supply of water there is progressively increasing yield 
of toxic metabolic products being carried up to the leaves from the increas- 
ing quantity of mycelium, and that such toxic substances are operative 
along -with shortage of water in causing the collapse. 

In younger plants, wilting and necrosis appear to be the eulmination 
of a series of important changes in metabolism and growth of the host 
brought about by the fungus through the action, apparently, of products of 
its own metabolism. The possibility of toxic products being liberated by 
damaged host cells, as pointed out by Overton (10) and Haskell (2), must 
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be admitted. That such collapse is not a result of general starvation is 
shown by the accumulation of organic and mineral reserves and by the 
regenerative ability of affected plants. This does not prove, however, that 
local starvation, through failure of translocation, or unbalanced starva- 
tion through unfavorable utilization or synthesis, may not be significant. 
Moreover, as shown in a foregoing paper (8) , water is lost at an apparently 
increased rate during rapid collapse of young plants. This further sup- 
ports the view that the total injury is a result not of lack of water but 
rather of a complex and systemic toxic action which causes death of the 
leaves and stem only after a long series of disturbances in the metabolic 
and growth balance of the plant. 

Eesistance, inherent in some varieties of peas, appears to lie either in ob- 
strnction of entry of the pathogene into the vascular system of the pea 
plant or in resistance to its growth after such entry. Contrary to the 
expectations raised by the work of White (14) and of Haymaker (3), 
resistant varieties of peas, as a group, are no more tolerant of toxic culture 
filtrates than are the susceptible varieties. -Other aspects of resistance are 
considered in following papers. 

SUMMARY 

This paper is one of a series reporting studies of pathogenesis and 
resistance in the wilt of peas caused by Fusarium orthoceras App. and Wr. 
var. pisi Linford carried out as an incumbent of a National Research 
Council Fellowship in the Biological Sciences. Histological investigations 
are being reported separately. 

The pea^wilt fungus can infect the pea plant and produce the disease 
without the aid of other microorganisms or of gross mechanical injury. 
Peas grown in cotton-plugged culture tubes of sterilized soil or of an agar 
substratum inoculated with a pure culture of the pathogene develop the 
symptoms readily. Wounding the root system delays slightly, rather 
than hastens, the appearance of symptoms in plants of a susceptible variety 
but does not lower the degree of resistance of resistant peas. 

Pea wilt develops more rapidly in soil heavily infested with the wilt 
fungus than in lightly inoculated soil. Dilution of highly infective soil 
with steam-sterilized soil leads to greater retardation of the disease than a 
corresponding dilution with noninfested raw soil. 

A search for soil toxicity developed by the action of the wilt fungus 
has given only negative results. 

In the characteristic development of pea wilt under conditions favor- 
able for the disease, there are very distinctive and significant changes in 
the affected plants which precede wilting or leaf necrosis. The course and 
degree of some of these changes are considered to provide a key to probable 
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factors in pathogenesis. Pronounced divarfing is accompanied ly increased , 
rigidity of the entire shoot, hypertrophy of the lower stem internodes, and | 
rolling of leaf laminae. Before wilting begins, diseased pea stems lose/ 
W’-ater more slowly upon exposure to drying and haye a higher content of 
dry matter with a proportionately increased ash content, an increased 
osmotic value of the cell sap, and an increased capacity for regeneration. 
These symptoms do not indicate general starvation or drouth of the plant 
as a whole but they do suggest unbalanced nutrition and failure of trans- 
location. 

Filtrates from Richards' Solution cultures of the wilt fungus produce 
a type of rapid necrosis in cut pea stems which appears comparable to the 
sudden wilting of young plants in the early development of this disease. 
Varieties of peas differ in susceptibility to toxic culture filtrates, but ex- 
periments with 10 strains and varieties have failed to reveal any corre- 
spondence between this and the resistance or susceptibility of these same 
varieties to the Pusarium wilt. 

A shortage of water induced directly or indirectly by the fungus may 
sometimes be a factor in the wilting of large plants but probably not in 
the early collapse of young seedlings. In the main, pathogenesis must be 
attributed to the action of toxic substances resulting from the presence of 
the wilt fungus within the host plant ; but this is a far more complex and 
systemic action than generally conceived, leading first to a derangement of 
metabolic and growth processes and finally to death of the tissues. Actual 
wilting or slow necrosis, as the ease may be, comes as the culmination of a 
long series of changes induced by the influence of the fungus. 

Experiment Station, Association of 
Hawaiian Pineapple Canners, 

Honolulu, Hawaii. 
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"WOUND INOCULATION IN EELATION TO RESISTANCE IN THE 
FUSARIUM WILT OP PEAS^ 

Ma IT eiceB. Linford 
INTRODUCTION 

In tlie course of histological studies of resistance and susceptibility of 
peas [Pimm sativum L.) to the wilt disease caused by Fusdrmm ortho- 
ceras App. and Wr. var. pisi Linford, it became desirable to gather experi- 
mental evidence concerning the possible localization of the expression of 
resistance. The writer showed earlier (1) that varietal resistance to this 
disease is sharply defined, approaching very close to immunity even under 
conditions most favorable for the disease in susceptible varieties of peas. 
Wade (5) has since presented further evidence that inhei'ent resistance is 
essentially complete. The writer’s tests with toxic culture filtrates (2) 
showed that resistance in this case is not a question of tolerance by the re- 
sistant plants for the products of fungal metabolism. Preliminary histo- 
logical investigations (1) had indicated that the fungus failed to establish 
itself in the vascular system of the resistant plants and suggested that re- 
sistance is expressed chiefiy in the root system. It appeared probable that 
if the wilt fungus could be introduced directly into the vascular system of 
the aerial shoot by some mechanical means, the disease might develop in 
resistant as well as in susceptible plants. This was attempted through the 
inoculation of wounds in stems and petioles which exposed truncated vas- 
cular bundles to the pea-wilt fungus. 

EXPERIMENTAL 

Peas of the Badger (susceptible) and Horal (resistant) varieties, grown 
10 days from seed to the 4-node stage in pots of sterilized soil, were inocu- 
lated as indicated in table 1. As soon as a plant was inoculated it was 
wrapped in wet absorbent cotton and gauze, and, when all plants in a pot 
were ready, additional cotton was applied; the whole was wetted thoroughly 
and placed in a moist chamber where it was kept wet for 40 hours. Band- 
ages w^ere then removed and the pots w^ere placed in the open greenhouse 
for the remainder of the experimental period of 1 month. Fifteen plants 
of Badger and 15 of Horal w^ere inoculated in each wuy, and 5 of each w^ere 

1 TMs paper is one of a series reporting studies on patliogenesis and resistance in 
the Fusarium wilt of peas conducted under a fellowship appointment from the National 
Eesearch Council. The writer wishes again to express Ins appreciation to the Depart- 
ment of Botany, XJniyersity of Wisconsin, for the facilities exteiidecl, and to Professor 
B. M. Duggar for helpful eritieism throughout this work. 
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TABLE 1 . — BesttUs of. wound inoculation experiment with Fusarium ortlioeeras var, 
pisi and hotli wilt-resistant and susceptihle varieties of peas. 

Data ialcen after 1 month 


Method of inoculation 

Badger variety 
(susceptible 

Horal variety 
(resistant) 

Number 

infected^ 

Per cent 

Number 

infected-'^ 

Per cent 

1. Tangential slice cut in cortex of 
second stem internode and bar- 
ley-grain culture inserted 

0 


1 

5.7 

2. First petiole excised at its base 
and barley-grain culture ap- 
plied to wound 

2 

13.0 


20.0 

3. First petiole excised at its base i 
and Richards^ solution culture 
applied to wound i 

0 


0 


4. .Stem tip removed above fourth i 
node and barley-grain culture j 
applied to wound | 

1 

6.7 


13.3 

5. I^ot “wounded. Barley-grain cul- j 
lure placed on soil ■ 

i 

0 


0 



a Fifteen plants each of Bodger and Horal peas were inoculated by each method. 
Five plants of each varietj^ were wounded and left as unhioculated controls. These 
controls all remained healthy. Details of technique are given in the text. 


lield as controls, with the plants wounded hut not inoculated. Additional 
controls were provided by spreading inoeulum on the surface of the soil 
around non-wounded plants and by the omission of all wounding and ap- 
plication of the fungus. 

All the control plants remained healthy and recovered from the wound- 
ing without conspicuous reaction or loss of vigor. Of the inoculated plants 
a small percentage became infected, and these were all from the barley- 
culture inoculation. Of the 45 plants of each variety, 90 plants in all, in- 
oculated through wounds with the culture growing on cooked barley ker- 
nels, 3 plants of the Badger variety, or 6.7 per cent, and 6 of the Horal, or 
13.3 per cent, became infected as indicated by the development of 
sjTnptoms. 

The symptoms developed by these plants were closely similar to those 
typical of the wilt disease but differed somewhat both in details of appear- 
ance and in sequence of development. Response became apparent in 
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Badger and Horal alike a few days after inoculation and developed rapidly 
to its inaximum expression, wliich varied from plant to plant. G-rowth. of 
the terminal bud was retarded or completely checked, stems and petioles be- 
came swollen and rigid, and leaflets and stipules rolled backwards or 
became distorted, thick, Arm,, and darker green than normal. The whole 
plant assumed the condition of extreme rigidity, typical of this disease be- 
fore wilting begins, but showed none of the general yellowing and the ex- 
cess development of waxy bloom which accompany its development from 
natural infection through the roots. After this quick reaction, further 
changes occurred slowly. In some plants of both varieties, stipules, leaf- 
lets, and petioles, and even the stem tips collapsed in a manner typical of 
severe development of the disease. One plant of each variety made partial 
recovery, resuming apical growth wutli the production of approximately 
normal leaves. The other affected plants neither recovered nor developed 
more severe symptoms during the remainder of the experiment. 

histological features 

Microscopic examination of infected plants of both varieties revealed a 
condition different from the typical pathological histology of pea wilt but 
with many points of essential similarity. Free-hand sections and serial 
paraffin sections were prepared from the infected plants and from several 
healthy control plants. In the controls there was little vascular discolora- 
tion or plugging of the vessels with gum-like materials, and this only in or 
near the actual wounds. Inoculated plants which had not become infected 
showed similar but somewhat greater disturbances. In all plants which 
showed symptoms of the disease, however, the fungus was present abun- 
dantly in the margins of the wounds and extended variable distances into 
the connecting vascular bundles. 

Even in the most severely damaged plants there was no general invasion 
of the vascular system. The fungus remained localized within those vas- 
cular bundles which it entered first and was apparently limited in its ver- 
tical extent by the occlusion of vessels with products of wound reaction. 
In the single plant infected from a cortical wound the fungus was found 
in the cortex and in both stipnle traces; in plants inocnlated through cut 
petioles it extended chiefly downward through the leaf trace; and in plants 
inoculated through the stem tip it extended downward along several 
bundles. In most plants it was limited to a vertical extent of a few milli- 
meters from the wound, and in no case was it seen to have traversed more 
than two internodes from the point of inoculation. 

Such local development of the fungus within a vascular bundle had 
stimulated the surrounding parench3miatons cells, leading to the formation 
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Pig. 1. Leaf traces of Horal (R) pea plant inoculated -with the pea-wilt fungus 
through a cut petiole at the third node. This plant had stood one month following 
inoculation before the material was fixed for sectioning; the stem was swollen and the 
leaflets were all collapsed. Beyond the parenchyma immediately in the margin of the 
wound the fungus was present only in the leaf trace of the inoculated petiole. Drawn 
with the aid of a camera lueida,x 203. A. Leaf trace free from visible disturbance, from 
the upper part of the third internode, below the inoculated petiole but from the opposite 
side of the stem. B. Infected leaf trace from the same level in the third internode. 
This vascular bundle, which extends into the inoculated petiole, illustrates varied 
responses to invasion of the vessels, including accumulation of gum-like and granular 
deeply staining materials in the vessels; altered staining reaction of walls, particularly 
at the margin of the xylem tissues ; the formation of a periderm-like sheath surrounding 
the xylem, through both hypertrophy and hyperplasia of the parenchyma; and a mild 
hypertrophy of meta- and secondary phloem. 

of a eambium-like layer and the development of a sheath of new tissue sev- 
eral cells in thickness surrounding the xylem portion of the bundle. This 
oecurred both in the central cylinder (Fig. 1, B) and around the stipule 
traces in the cortex (Fig. 2, B). In some instances these newly formed 
cells enlarged greatly, crowding the normal surrounding tissues markedly 
out of place. 

It was demonstrated clearly in this study that even a small amount of 
the fungus within the plant is sufficient to produce symptoms of this dis- 
ease. In the single Horal plant which became infected from inoculation 
through a cortical wound (Fig. 2) the leaflets, stipules, petioles, and even 
the tip of the stem wilted. Serial sections from a point well above the 
lesion to a point far below showed that in no place had the fungus entered 
the central cylinder. It w^as present only in the cortical parenchyma at 
the margin of the "wound and in the two stipule traces through which it had 
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extended a few millimeters up and down the stem. In such a ease it seems 
clear that the development of preliminary symptoms and finally the col- 
lapse of leaves and succulent parts of the stem were stimulated by 
the action of the wilt fungus at a distance, acting through some toxic sub- 
stances which became distributed throughout the plant. 



Fig. 2. Stipule traces of Horal (R) pea plant inoculated with the pea- wilt fungus 
through a cortical wound in the second internode. This plant liai stood one month 
after inoculation and was in late stages of collapse at the time this material was fixed 
for sectioning, hut infection was limited to these two stipule traces and the margin of 
the cortical wound. Drawn with the aid of a camera lucida, x 290. A. Occlusion of 
xylem vessels and invasion of phloem fibers of stipule trace just below the lower limit 
of cortical invasion at the margin of the inoculation Avound. Except the one large 
vessel with granular contents, all vessels in this bundle were completely occluded with 
gum-like material at some level, although not all at one level. Invasion of the phloem 
and phloem fibers was accompanied by necrosis and an accumulation of deeply staining 
matter in and between the cells. Compare with the nonnecrotic condition of B. B. The 
other stipule trace from a section through a lowrer level of the same iiiternode, showing 
a condition of extreme hyperplasia of the parenchyma surrounding the xylem. Closer to 
the wound this vascular bundle was largely occluded and still closer was thoroughly 
invaded by the wilt fungus. Note the cambium-like activity immediately at the base 
of the protoxylem. The metaphloem has been crushed by this hyperplastic tissue. 

Occlusion of xylem vessels with brown, granular or more typically gum- 
like, deeply staining materials was a conspicuous feature of this infection 
and apparently was a major factor in the very limited longitudinal distri- 
bution of the fungus along the vessels. Gum-like material (Fig. 2, A) was 
present in the vessels not only in immediate association with the fungus 
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but also at a point 'vvell in advanee. These matei’ials, apparently secreted 
into the Inmiiia of the vessels by the xylem parenchyma, appeared to con- 
stitute a barrier to the progress of this fungus. Near the wound where the 
fungus w^as abundant in the vessels, the xylem parenchyma cells were 
chiefly dead and wmund gums were present only sparingly ; farther from 
the wound, where the fungus w-as less abundant and the parenchyma still 
alive, such materials were relatively more abundant; and still farther 
away, beyond the fungus, they were seen to plug some or all the vessels of 
an infected bundle (Fig. 2, A). Substances of similar appearance were 
seen in and on the walls of the parenchyma cells damaged by the fungus, 
both cells of the primary tissues and cells formed in response to this in- 
vasion. As will be shown in a following paper, this appears directly com- 
parable wuth some observed host reactions in the normal development of the 
wilt disease in snseeptihle plants. Likewuse it resembles certain more pro- 
nounced responses observed in the tissues of resistant pea plants grown in 
infested soil. 

DISCUSSION- 

The low percentage of infection obtained in this w^ork is in agreement 
with the experience of Tisdale with flax wilt (4) and indicates that the 
pea-wult fungus is not an aggressive invader of wounds. Tisdale, however, 
obtained no infection of resistant plants. The w^riter (2) and Wade (5) 
failed to find evidence of invasion of pea roots through wounds by the pea- 
wilt fungus. This is indicative of a specialized parasitism on the part of 
the fungus and also of a mild degree of resistance to the invasion of aerial 
parts even in the susceptible variety of pea. The pronounced host response, 
comparable with some resistance reactions, wFich apparently served in this 
case to check advanee of the fungus, is further evidence that both varieties 
alike are resistant to the wilt fungus when it is thus introduced "wnthout 
any of the preliminary alterations in the host physiology which typify 
the development of pea wult from the usual root infection (2). 

The symptoms that developed in the infected plants were as closely 
similar to the characteristic symptoms of pea wait as might be expected 
and were the only close approach to the symptoms of this disease that the 
-writer has seen in Horal peas. Since the fungus was sharply limited in its 
development and became completely shut oif after a time by the host 
responses, the complete sequence of symptoms could not be expected, 
particularly since, in this type of inoculation, the root system remained 
free from injury. 

In spite of the indication of some degree of resistance to the fungus in 
the shoots of resistant and susceptible peas alike, these results agree with 
the writer’s tests wdth toxic culture filtrates (2) in indicating that the 
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sharply defined varietal resistance is not a question of tolerance of toxic 
products of the wilt fungus, since the resistant and susceptilole peas re- 
acted essentially alike in the present case. Moreover, these results indicate 
that varietal resistance is expressed locally within the root system, probably 
during the attempted entry of the wilt fungus into the vascular system, as 
will be considered in the following paper. This is supported by May (3) 
who reports, in work published since the completion of this study, that the 
tomato-wilt Fusarium, introduced into the shoot of a resistant plant 
through a graft union with a susceptible plant, is able to advance and 
produce wilt symptoms. 

^^UMMARY 

By inoculation of young pea plants with Fumrium orthoceras App. 
and Wr. var. pisi Linford through wwnds in aerial parts, symptoms were 
obtained which partially simulated those typical of the pea-wilt disease. A 
higher percentage of infection was obtained in this way in the resistant 
variety, Horal, than in the susceptible variety, Badger, and the course of 
the resulting disease was similar in both varieties. These results are taken 
to indicate that the expres>sion of varietal resistance to the pea-wilt disease 
is largely localized within the root system. 

Experiment Station^ Association op 
Hawaiian Pineapple Canners, 

Honolulu, Hawaii. 
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HYBRIDIZATION AND SEGREGiTION IN THE OAT SMUTS 

C. S. It CL TON^ 


m'TROBTJDTIDN 

The discovery of physiologic specialized^)!! in smut fungi has stimulated 
iiivestig:ations to determine wlietLer or* not physiologic forms arise by 
hybridization. Theoretically, new pliysi-sologie forms may arise either 
through hybridization between diferemt forms or between different species, 
as well as by mutation. The writer has made studies to determine whether 
the two species of oat smuts, Jlstilcgro avenae (Pers.) Jens, and Ustilago 
levis (K, and S.) Magn., hybridize. 

REVIEW or IiIX?ERATURE 

Kniep (9) has shown that difiEereiit species of smut will hybridize in 
culture to the extent that sijoridia of opposite sex will fuse. Dickinson (3) 
lias made histological studies whicli showv that Ustilago levis and U. Jhordei 
(Pers.) K. and S. in combination proiticed infection in oats, w^hereas 
inonosporidial lines alone produced »io infection. However, he does 
not state that the infection ref errecl to above resulted in the production 
of ehlamydospores. 

Kammeiiing (8) obtained inf eciioa with crosses between monosporidial 
lines of opposite sex of Ustilago lon^issiM (Sow.) Tul. and U. longissima 
var. macrospora Davis and found tlia^t similar hybrids occur in nature. 
Furthermore, Hanna and Popp (7) }ia.ve obtained chlamydospore produc- 
tion by inoculating oat seedlings with crosses between monosporidal lines 
of U. avenae and U, levis. 

Dickinson (d) has studied the mature oJ segregation within Ustilago levis 
and within U. hordei. He found tliat segregation for cultural characters 
was on a 2 : 2, 3 : 1, and iz 0 basis and That this segregation may take place 
in either of the ''reduetioii divisions.'' Dickinson (2) found also that the 
segregation for sex factors in U. Imu well as in U. hordei was on a 2: 2 
basis, and Hanna and Popp (7) obtained similar results for U, levis and 
for U. avenae. That the segrega^tion for* sex factors is independent of the 
segregation of factors for cultural clia»acteristies has also been demon- 
strated by Dickinson (4), and he was ties first to show (5) that the nuclear 
division in which segregation occurs imay be affected by alteration of the 
environmental conditions. 

1 The writer is greatly indebted to Dl E. 0. Stakmaii for suggesting the problem 
and to Dr, J. J. Christensen for mimy suggestions offered during the course of the 
inveatigationg. 
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Stalanan; Cliristensen, Bide, and Peturson (10) pointed out that if the 
niiiiierous Yariants they obtained in TJstilago zeus (Beckm.) Ung. Y eie not 
the results of imitations, they probably were due to some abnorinal type of 
segTegation. Christensen (10, Part II) obtained some indication of delayed 
segregation in certain self -fertile lines of U. z&(i6. 

HYBRIDIZATION 

In September, 1930, a large number of primary sporidia were isolated 
from the promycelia of germinating chlamydospores of IJstilago avenae and 
II. levisj and of this number 4 that were isolated from U. avenae and also 
4 from U. levis were cultured on 1,3 per cent potato-dextrose agar. The 8 
monosporidial lines thus secured, comprising 2 species, were paired in all 
possible combinations on nutrient-free agar and observed for fusions. The 
segregation for sex factors, as indicated by sporidial fusions, was found to 
be on a 2 : 2 basis with perfect interspecific fertility. 

Pathogenicity tests were made by inoculating Anthony oats seedlings 
with intra- and interspecific crosses. Inoculations were also made with 
monosporidial lines and -with combinations of monosporidial lines of similar 
sex, as indicated by the absence of sporidial fusions in culture. Plants that 
were not inoculated served as cheeks. 

The inoculations were made in the following manner. The various 
monosporidial lines and crosses were cultured on nutrient-free agar in Petri 
dishes for 2 days. Ten ee. of sterile distilled water was then added to each 
culture, forming a suspension of the inoculum. Oat seedlings were placed 
in the inoculum and incubated at 18° to 20° C. for 48 hours, after which 
time they were transplanted to pots and incubated 6 days at the same tem- 
perature. The plants were then removed to the greenhouse where they 
grew to maturity. The results of the inoculations were obtained in Novem- 
ber, 1930, and are summarized in table 1. 

It is -clearly evident from the data jiresented in table 1 that UstUago 
a/veme^ (spores echinulate) and U. levis (spores smooth) hybridize readily, 
as evidenced by the production of chlamydospores on the host. All com- 
binations of monosporidial lines in which fusions w^ere observed in culture 
produced chlamydospores on the host, the percentages of smutted panicles 
ranging from 23.8 to 70.5 in the interspecific crosses and from 18.8 to 72.7 
in the intraspecific crosses. No smut was produced by inoculation with 
eiilturespf monospoiidial lines alone or with combinations of monosporidial 
lines which did not fuse in enlture. 

Microscopie examinations revealed the fact that the interspecific hybrid 
chlamydospores were eehinulate, while the intraspecific hybrid chlamydo- 
spores had markings characteristic of the species. Thus, eehinnlation is 
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TABLE 1 . — The re stilts of moeulaiing Anthony oats with intra- and interspecific crosses 
between monosptoridial lines of UstUago avenae and U. levis 


Lines and 
crosses 

Number of seedlings 
inoculated 

Number of panicles 
smutted 

Percentage 
of smut 

17. avenae 




1 

20 

0 

0.0 

9, 

25 

0 

0.0 

3 

32 

0 

0.0 

4 

30 

0 

0.0 

1 X 3 

22 

16 

72,7 

2 X 4 

28 

5 

18.8 

2 X 3^ 

21 

0 

0.0 

U. levis 




1 

20 

0 

0.0 

2 

24 

0 

0.0 

3 

30 

0 

0.0 

4 

28 

0 

0.0 

1 X 4 

24 

5 

20.8 

2 X 3 

26 

6 

23.0 

3 X 4a 

27 

0 

0.0 

U. avenae x U. levis 




1 X 3 

34 

24 

70.5 

2 X 1 

24 

12 

50.0 

4 X 3 

21 

5 

23.8 

4 X 4 

21 

12 

27.1 

Cheek 

75 

0 

0.0 


a Combmations in whicli si)oridia did not fuse in eultuie. 


apparently dominant over smootliness, in this ease at least. Further more, 
the smutted panicles on the host were of the ^doose’’ type in all cases of 
interspecific hybrid infection, although there was considerable variation in 
degree. Usually this type of injury can be attributed to UstUago avenae^ 
the species with echinulate spores. The intraspecific crosses loroduced the 
loose type of smut in the ease of U. avenae and the covered type of smut in 
the ease of U, levis. These results agree with those recently reported by 
Hanna and Popp (6). 

Germination tests were made and it was found that the iiiterspeeifie 
hybrid clilamydospores germinated and produced primary sporidia in a 
normal manner, but, when these sporidia were isolated, they failed to de- 
velop, except for occasional ones. More than 300 of these sporidia were 
isolated and only 5 cultural lines were obtained, representing both sexes. 
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Thus, in view of the fact that the primary sporidia isolated from germinat- 
ing intraspeeific hybrid chlamydospores developed normally in culture, it 
appears that some lethal factor or factors may be present and become 
effective in certain interspecific crosses. Whether this fact is generally 
true with all crosses between TJsiilago avenae and J7, levis has not been de- 
termined. Several different lines of U. levis have been crossed with the 
same line of Z7. avenae and in every ease isolated sporidia failed to develop. 
It is entirely possible, if other lines of U. evenae were used, that the sporidia 
from some of the interspecific hybrid chlamydospores would develop 
normally. 

For testing the pathogenicity of the interspecific hybrids 2 mono- 
sporidial lines of opposite sex have been crossed with each other and back- 
crossed with the parent lines. The back-cross with the Ustilago avenae 
parent produced infection (25 per cent) on Liberty Hulless oats and the 
chlamydospores were smooth, while the back-cross with the TI. levis parent 
produced no infection on the same variety. The cross between the 2 
monosporidial lines, originating from interspecific hybrid chlamydospores, 
produced infection (30 per cent) on Liberty Hulless oats and in this case 
the smut on the host was buff instead of black, the normal color for oat 
smuts. When examined microscopically, it was found that the individual 
chlamydospores were smooth and apparently colorless. They germinated 
normally and when sporidia were isolated from the promyeelia these 
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sporicLia reproduced normally in culture. The striking contrast between 
the huff and the normal tyjoe of oat smut on the host is shown in fig me 1, 
while the contrast between the color of individual ehlainydospores of the 2 
types of smut is shown in figure 2. The pathogenicity of the buff tli;)e of 
smut has not been determined. Campagna (1) has described a bull: t>pe 
of loose smut of wdieat occurring in nature. 

SEGREGATION 

The nature of segregation for sex factors and cultural chaiacteiistics 
has also been studied. All 4 primary sporidia have been isolated from a 
number of germinating ehlainydospores by the method described by Planna 
(6). As has already been stated, the segregation for sex factors ivas found 
to be on a 2 : 2 basis. Furthermore, all possible arrangements of these sexes 
on the promycelium have been fonnd, indicating that reduction for sex may 
take place in either the first or second division of the reduction process. 

Segregation of factors for cultural characteristics, such as color, topog- 
raphy, type of growth, and rate of growth, takes place in either division 
of the reduction process of TJsiilago avenue and V , lev%s and segregation of 
these factors is independent of segregation for sex factors. Dickinson’s 
work (4) has shown the same to be true for V, levis. 

Successively produced sporidia w^ere isolated from the same segment 
of the promycelinm in order to determine whether or not further segrega- 
tion occurs in the individual segments. If further segregation does not 
occur in the segments of the promycelium, then successively produced 
sporidia should develop lines that are identical in their cultural and sexual 
reactions. 



Fig. 3. Two monosporidial lines of Vstilago avenae obtained by isolating successive 
sporidia from the third segment of the promycelium of a 
germinating chlamydospore. 
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As many as 5 successive sporidia have been isolated from 1 segment and 
2 to 3 successive ones from a number of other segments of the same pro- 
mycelium and of different promyeelia. Cultural comparisons of these iso- 
lations were made on 1.3 per cent potato-dextrose agar. Of the 5 mono- 
sporidial lines originating from the basal segment of 1 promyeelium 4 were 
different in their cultural characteristics. In the majority of cases where 
2 or 3 monosporidial lines originated from the same segment they were quite 
distinctly different in cultural characteristics. Typical cultural differences 
between lines originating from the same segment of the promycelium are 



Tig. 4. Two monospoiidial lines of Z/stila^o levis obtained by isolating suceessive 
sporidia from the second segment of the promyeelium of a 
germinating chlamydospore. 


clearly exhibited in figures 3 and 4. Thus, it seems quite evident that 
segregation for certain cultural characters is delayed beyond the second 
division of rednction division in Ustilago avenae and U, levis. All mono- 
sporidial lines originating from the same segment of the promyceliiun were 
of the same sex. Therefore, it appears that segregation for sex factors 
usually takes place in either the first or second division of reduction division 
and not in subsequent divisions as it does for other characters. 

SUMMARY 

1. Ustilago avenae and U. levis are perfectly interfertile. Monosporidial 
lines of opposite sex fuse in culture and also produce smut on the host, 
regardless of whether crosses are made inter- or intraspecifically. 

2. Sporidial fusions do not occur within a monosporidial line of either 
species and neither do they occnr in intra- and interspecific eomhinations 
of monosporidial lines of similar sex. Furthermore, when such combina- 
tions are used for inoculation, no smut is produced on the host. 
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3. Intraspecific crosses produced the loose type of smut in the ease of 
Ustilago (ivenue and the covered type in the case of U. levis while the smut 
prodiieed by the interspecific crosses was of the loose type. 

4. Iiitraspeeific hybrid chlamydospore markings were characteristic of 
the species, but the interspecific hybrid chlamydospores were echinulate. 

5. Primary sporidia isolated from the promycelia of germinating inter- 
specific hj^brid chlamydospores would not develop in culture, with rare 
exeeptions. However, primary sporidia isolated from the promycelia of 
germinating intraspecific hybrid chlamydospores developed in a normal 
manner. 

6. A cross between two monosporidial lines that originated from inter- 
specific hybrid chlamydospores produced a buff type of smut which is ap- 
parently a new and previously undescribed type. The chlamydospores of 
this smut were smooth and apparently colorless, in contrast to the dark 
brown chlamydospores of the common type of oat smnt. 

7. Segregation for sex factors in Ustilago avenae and U. levis was found 
to be on a 2 : 2 basis. There is strong evidence that a delayed segregation of 
factors for certain cultural characteristics occurs in U. avenae and U. levis 
since monosporidial lines originating from the same segment of the pro- 
mycelium often exhibit striking differences in cultural characteristics. 
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THE ANTIBIOSIS OF CERTAIN BACTEEIA TO SMUTS AND SOME 

OTHER FUNGH 

Delia E. Johnsons 
INTRODUCTION 

In the course of some investigations on corn smut in 1926 and 1927, 
Bamberg (1) found that gall production often failed to occur upon sus- 
ceptible plants when these were inoeulated wuth the proper combinations of 
corn-smut lines of known virulence. In a large percentage of cases only a 
discolored area was produced at the point of inoculation. From such dis- 
colored areas bacteria were frequently isolated that vrere distinctly anti- 
biotic to several species of smuts. 

Bamberg found that the bacteria destroyed colonies of TJsiilago ^eae 
(Beckm.) Ung. of 9 days^ growth when he transferred a small amount of 
the bacterial culture to the edge of smut colonies, the latter being reduced 
to a slimy mass with only a few sporidia present. In hanging-drop prep- 
arations of both the sporidia and the bacteria the former were destroj^ed in 
a few days. He also found that the bacteria checked further development 
of the smut galls on corn plants when he inoculated a suspension of them 
into the galls with a hypodermic syringe. Inoculation with corn-smut cul- 
tures in combination with the bacterial culture usually did not result in gall 
formation in corn plants. The bacteria also destroyed colonies of TJ, zeae^ 
TJ. avenae (Pers.) Jens., U. levis (E. & S.) Mag., Tilletia tritici (Bjerk.) 
AVint., and Sorosporium reilianum (Kiihn) McAlp. This bacterial culture 
was given to the writer to determine, if possible, what factors might be 
responsible for the phenomenon. The writer had also isolated three cul- 
tures of bacteria that were antibiotic to several smuts and certain other 
fungi. This paper deals wdth the investigations on these cultures. Bam- 
berg called his culture B~l, and the same designation will be used in this 
paper. The other three Cultures are referred to as C-1, D, and Myxolac- 
terhim~l, 

1 Pai)er No. 1002 of tlie Journal Series of the Minnesota Agricultural Experiment 
Station. 

2 Tlie writer wishes to express her inJehtedness to Dr, E. C. Staknian, who sug- 
gested the investigation and offered valuable suggestions. She also acknowledges help- 
ful criticism from Dr. Leach and many favors from M. B. Moore, J. M. W^alter, and 
R. H. Bamberg of the Plant Pathology Department. 
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EXPERIMENTAL WORK ON BACTERIAL CULTURE B-1 

Bamberg’s culture consisted of a coccus and a rod-like bacterium. He 
was not certain wlietlier lie had a pleomorphic organism or a mixed culture, 
wliicli could not be purified by repeated plating on account of the viscosity 
of the growth. The writer also ivas unable to separate the two bacteria by 
plating. However, the rod-like form had a higher thermal death point thah 
the coccus and Yvas obtained in pure culture by heating the mixed culture 
slightly above the thermal death point of the coccus. In the course of the 
filtration experiments mentioned later, a coarse filter was used through 
which the coccus, but not the rod-like form, passed. In this way a pure 
culture of the coccus was obtained. It wms soon found that the coccus was 
the antibiotic organism and the rod-like form had no effect upon sporidial 
growth. The designation B—l is therefore retained for the coccus culture 
in this discussion. 

The writer repeated some of Bamberg’s experiments and found that the 
sporidia were destroyed in about two w’eeks in large colonies of JJstilago 
zeae^ TJ, avenae., U. levis, and Sorosi^oriwm reilianimiy when these -were in- 
oculated at the edge wfith the bacterial culture. The sporidia of the smut 
colony were gradually replaced by a slimy mass of bacteria. The same re- 
sult was obtained when a small amount of the bacterial culture was placed 
on top of large colonies of the smut. The sporidia were destroyed also in 
hanging drops prepared from bacterial and sporidial suspensions in tap 
water, the bacteria increasing greatly in number, wdiile globules and debris 
were observed in increasing quantities in the preparation. "When the bac- 
terium was inoculated into corn plants in combination with the proper 
sporidial lines of smut, the plants often failed to develop galls, although 
galls 'were present in the checks. When it 'w^as inoculated with a hypo- 
dermic syringe into galls, these frequently shriveled up, while galls inocu- 
lated ■with sterile water were not so affected. The effect of the bacteria was 
more marked on young galls than on older ones, the membrane of tlie 
former often turning green, all traces of the gall being obliterated as the 
growth of the plants progressed. The mature galls generally dried up, but 
the host tissue had been replaced by the fungus tissue to such an extent 
that chlorophyll prodnction did not occur. The inoculation wuth sterile 
water and with a water suspension of the bacterium Avithout sporidia had 
no effect npon corn plants. In another series of experiments the bacterinm 
seemed to have very little effect upon the various smuts. 

These variations in the antibiotic effect of the bacterium seemed rather 
puzzling. However, two explanations suggested themselves. ^ One might 
be loss of virulence under certain conditions. The bacterial cultures used, 
e>specially in the second series, had been cultivated for some time upon arti- 
ficial media, and this might have affected the virulence. Checks -v^’ere made 
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to determine this, and the results showed that when the baeterinin had been 
cultivated for several inonths upon artificial media, it was no longer able 
to attack the smut cultures nor to inhibit gall formation in corn plants. In 
some of the stock cultures the virulence could not be revived, but in others 
it was ''stepped up’^ by successive inoculations simultaneously wdth small 
amounts of smut growth into media suitable for the growth of both. 
When such bacterial cultures were combined with the proper sioori dial 
lines and inoculated into corn plants, many of the plants showed no infec- 
tion, although galls formed in the checks. Another explanation of failure 
of the bacteria to inhibit gall formation in corn plants might be that the 
sporidia were present in preponderating numbers in the inoculum and that 
the bacteria could not multiply fast enough to prevent infection. It is 
obvious that the survival of only two sporidia of proper affinities may result 
ill the infection of a plant. To cheek on this possibility, varying amounts 
of the bacterium were combined with constant amounts of the sporidia and 
inoculations were made from these eombinations into corn plants.^ Inhibi- 
tion of gall formation occurred constantly when a highly concentrated sus- 
pension of an active culture of the bacterium wms used. The failure of the 
bacterium in the earlier experiments to show consistently properties anti- 
biotic to smuts was probably due to a loss of virulence from prolonged cul- 
tivation upon artificial media as well as to a perponderance of viable smut 
sporidia in the inoculum. Failure of the bacterium to prevent gall forma- 
tion in the corn plants does not necessarily indicate a lack of antibiotic 
ability under proper conditions. 

The bacterium seems to have no effect on old smut cultures. At first 
this was thought due to the dryness of the smut culture, but the addition of 
sterile water at the time of inoculation with the bacterium did not increase 
its activity. 

As was found by Bainberg\ the organism is most active at fairly high 
temperatures, 20° to 25° C,, although it grows at 10° C. and I'etains its anti- 
biotic property. No attempt was made to grow it at lower temperatures. 

Very little is known about the way in which b acteria may attack fungi . 
It is evident that the action upon the fungus is either extracellular entirely 
or extracellular at first and intracellular later. Tolaas (22) and Paine 
(14) found a fluorescent bacterium that produces disfiguring spots upon 
cultivated mushrooms. But neither of these two investigators made any 
study of the mode of attack of this bacterium. Petri (15) of Portici, Italy, 
ill 1927, described a bacterium that penetrates and destroys the hyphae of 
Phytophthora and Pythiacystis species. Similarly, Sanzone (17) of the 
same station reported a bacterium which lives symbiotically within the 
hyphae and conidia of Fiiscmnm solani (Mart.) Sacc. Oeitler (7) found a 
bacterium, parasitic upon Cladophora, which destroys the alga by pene- 
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trating "the cells. However, neither Bamberg nor the writer has been able 
to find any indication that bacterium B-1 enters tlie bypliae or tlie sporidia 
of the smut. This suggestes that the active principle is extracellular and 
capable of breaking down the cell wall. Such a substance might be an 
enzyme. Therefore, a study of the enzymes of the bacterium and an 
analysis of the chemical constituents of the cell w^all of the sporidia seemed 
necessary. 

Considerable work has been done on the composition of the cell Avail of 
the loAA^r Thallophytes. A recent work on the subject is by "Wettstein (24) , 
Avho also summarizes the Avork of other investigators in this field. Aecord- 
iiig to their findings, the Zygomycetes, one of the subgroups of the Phy- 
comycetes, contain chitin in the cell wall; and the Oomycetes, the other 
subgroup, contain cellulose. In the Ascomycetes chitin has been found to 
be the principal constituent, but other substances are often present. Wett- 
stein makes the folloAving statement in regard to the Basidiomycetes : ^‘Die 
Basidiomyceten sind, was das Vorkommen von Chitin betrifft, gleichfalls 
einheitlich. Es ist anch hier die iiberwiegende Membransnbstanz in fast 
alien Gruppen. Bei manchen treten wieder andere Snbstanzen liinzu, die 
neben Chitin vorhanden sind, oder auch dieses ersetzeii konnen. Cellulose 
fehlt A’-ollstandig. -Bei abgeleiteteren Gruppen, Polyporeen, Gasteromy- 
ceten, scheint die Zahl der versehiedenen Membransubstanzen sehr gross 
zu sein.” Wettstein makes no mention of smuts and rusts. It is probable 
that no tests were made on these groups. Microehemical tests for the pres- 
ence of chitin and pectin in the cell Avail of corn smut Avere therefore made 
by the AATiter. 

CHEAIICAL COMPOSITION OF THE CELL AVALL OP CORN-SMUT SPORIDIA 

Chitin test. The test for chitin is made by boiling the material in con- 
centrated KOH for about 30 minutes to change the chitin to chitosaii. It is 
then Avashed in 95 per cent alcohol to harden, and a solution of IKI, the 
reagent for chitosan is added. A red violet color indicates the presence of 
chitosan. 

Wlien so treated portions of indmdual sporidia stain red Avhile the 
remainder of the sporidinm is colorless. The red violet areas indicate the 
presence of chitin; and the colorless areas some other chemical constituent. 
The stained sporidial mass is red, possibly indicating a preponderance of 
chitin. 

PecMn tests. A. Ruthenium red. A small amount of sporidial material 
AAms placed on a slide and a dilute solution of Ruthenium red (1—10,000) 
was added, the slide being kept in the dark. After about 20 minutes the 
reagent was washed off. A red color appeared in the sporidial mass and in 
patches in the individual sporidia. This reaction indicates the presence of 
pectin in scattered areas of the cell wall. 
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B. Metliylene bine. Peetie substances stain yiolet witb metliylene bine 
(1-1,000), and cellnlose usually stains blue. When methylene blue was 
added to the sporidial material on the slide, a violet color occurred in 
patches oil the walls of the sporidia, other areas being blue. The violet re- 
action is more marked in young sporidia; and the blue, in the old. This 
result suggests the presence of pectin and possibly other materials such as 
cellulose or related substances, in the cell wall of the sporidia. These find- 
ings are somewhat in accord with Wettstein’s statement that in some 
groups the number of different membrane substances seems to be very large. 

TESTS FOR ENZYMES IN BACTERIUM B-1 

Filtration experiments. Bamberg found that the addition of a small 
amount of the filtrate of a broth culture of B-1 had no effect upon corn 
smut. The writer filtered both fresh and old broth cultures of the bacte- 
rium with a fine filter, which eliminated the bacterium. Smut always grew 
readily in it. This was repeated many times with the same results. It indi- 
cates that there is no exhaustion of the food supply by the bacterium which 
might be responsible for the destruction of the smut. It also shows that 
there is not a sufficient amount of enzymes or toxins present in the filtrate 
to affect the smut. However, Jones (9), in working upon enzymes of BaciU 
Uis carotovorus found that a large portion of the enzyme is adsorbed by the 
filter. He also found that a direct extraction of the enzyme with the proper 
reagents gives a much larger amount of it. Among such reagents, he used 
alcohol ill sufficient quantities to make the broth culture 80 per cent alco- 
holic, then filtered it, and dried it quickly. This method w^as used in the 
present investigation of enzymes produced by this bacterium. Broth cul- 
tures of the organism were centrifuged, the bacteria removed with a small 
amount of the broth, shaken wuth sterilized glass beads until most of the 
bacteria were crushed, and finally extracted with alcohol, and filtered. 
Checks were run on the technique by making similar extractions from B. 
carotovorus. The residues from both cultures were tested for pectinase on 
slices of surface-sterilized carrot. Both broke down the cells of the carrot, 
reducing it to a soft mass resembling that of soft rot. The action of the 
residue of the crushed bacteria of Bamberg’s culture was several times as 
rapid as that of the residue from the broth. Contamination was guarded 
against by the use of 1 per cent toluol. Inoculations were made from the 
carrot slices into broth to determine if any contamination might have oc- 
curred which could be responsible for the breaking down, of carrot tissue. 
Only a spore-bearing bacterium was found, and this had no effect upon car- 
rot. This also showed that Bamberg’s culture had been killed by the 
alcohol and could not have produced the softening of the tissue. A further 
test on this point w^as made by inoculation of carrot slices with the or- 
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gaiiism, but it had no effect on them. Apparently, there is something pres- 
ent in the alcoholic extract of the haeteritim which breaks down pectic 
material, hut the organism itself is unable to attack carrot ami produce soft 
rot in it. 

It was difficult to obtain any definite and conclusive results in regard to 
the effect of the same type of residue on smuts in hanging-drop preparations. 
Jones states (9) that the residue of Bacillus carotovorus consists of precipi- 
tated proteins^ bacterial cells/and the precipitated enzymes. That is proba- 
bly true of the alcoholic precipitate from any bacterial culture. Toluol 
was added to the hanging drop to prevent growth of the sporidia, but it is 
not readily miscible with water, and growth of the sporidia occurred in 
patches in the drop. There was evidently, then, a constant increase of the 
smut. The same difficulty was encountered when chloroform was used 
instead of toluol. Under these cirennistanees, it would be difficult to deter- 
mine the actual effect of the enzymes on the living, growing sporidia. 

The cleiermination of enzymes hy cultural methods. A. Pectinase. The 
following medium was found satisfactory for this test : Magnesium sulphate, 
0.25 gm. ; dibasic potassium phosphate, 0.25 gm. ; agar, 15 gm. ; distilled 
water, 1,000 cc. To this was added 1 per cent pectin. Both a slightly acid 
and a neutral reaction were used. The bacterium grew well at both reac- 
tions, coloring the medium brown. No nitrogen was supplied, so the organ- 
ism evidently obtained enough of it from the impurities in the agar, 
although it does not grow on agar alone nor on the medium without the 
pectin. The pectin used was from lemon, and the reaction of the medium 
was adjusted with calcium carbonate and sodium hydroxide. It seemed 
possible that some citric salts may have been formed from an impurity in 
the pectin and that these might have supported the growth obtained. The 
bacteria failed to grow, however, when the pectin was replaced by calcium 
and sodium citrates ; apparently, therefore, it is the pectin that supports 
growth. 

B. CMtiuase. In testing for chitinase Benecke’s (3, p. 241) medium 
was used. This consists of agar, 20 gm. ; distilled water, 1,000 cc. ; mag- 
nesium sulphate, 0.35 gm. ; dibasic potassium phosphate, 0.15 gm. To this 
were added pieces of sterilized chitin. It is best to add the chitin after the 
agar is cooled. If added before, it sinks to the bottom. It was prepared 
from hard-shell crab, according to Benecke’s (3) method, as f ollow^s : After 
removal, the exo-skeleton was soaked in dilute hydrochloric acid for a few 
hours to remove all adhering particles of flesh. Then it was boiled in 20 
per cent sodium hydroxide for about 8 hours and washed until the reaction 
of the washing water was neutral. It ivas finally washed in alcohol and 
ether. Commercially prepared chitin also was used. This gave an acid 
reaction, so some of it was used without adjusting the reaction, while in 
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other portions the reaction was brought to nentral. Bamberg’s culture did 
not grow on any of these media. Evidently there is no ehitinase produced 
by this bacterium. 

C. Cellnlase. The bacteria did not grow upon filter-paper or upon 
precipitated cellnlose. Cellnlase evidently is not present. 

MORPHOLOGY OP BACTERIUM B-1 

The bacterium is a gram-negative, nonmotile coccus. It passes throngli 
a coarse filter but not through the finer ones. In filtering, checks were made 
by mixing the culture with yellow chromogenic bacteria and with Bacillus 
carofovorus^, but these were never found developing in the filtrate. The 
number of individual cocci going through the filter is very small, for the 
filtrate is always clear, and no growth is evident in it for 4 or 5 days. In 
an active culture the growTh is slimy, each cell being surrounded by a 
eapsuleJike exudate. A capsule cannot be demonstrated by the usual stain- 
ing technique, but a dilute solution of methylene blue (1-10,000) stains 
only the central core, leaving a halo around the individual bacterium. This 
pseudocapsule stains with the usual bacterial stains, therefore the organism 
appears larger than it really is. It is extremely variable in size, depending 
on the type of medium upon which it is cultivated. When stained with the 
usual bacterial stains, it ranges from 0.7 micron to 0.9 micron. The central 
core is about 0.4 micron. Old cultures are dry and powdery, resembling 
precipitated chalk. The cells often occur in chains of four or five indi- 
viduals, and one cell is usually larger than the others in the chain. In 
extremely old cultures these large cells are very numerous, and chain forma- 
tions no longer exist. This suggests contamination, but transfers to fresh 
media do not give rise to a contaminated growth. It probably indicates a 
certain amount of pleomorphism. 

This bacterium is apparently very prevalent. It was obtained several 
times from contaminated oat-smut cultures supplied by C. S. Holton of the 
Department of Plant Pathology. It also was isolated many times by the 
writer from discolored areas on corn plants at the point of inoenlation with 
corn smnt. It apparently is specific for smut. It has no effect on species 
of Pnsarinm, Vertieilliiun, Penicillinm, Aspergillus, and many other types 
of fungi not identified. 

CULTURAL CHARACTERISTICS OP BACTERIUM B-1 

The baeterinm grows readih’* on most of the media. It is always 
extremely viscous and grows anaerobically and aerobically. It produces 
gas and acid from dextrose and mannite. On sucrose it produces gas, but 
no acid; on lactose, acid and no gas. On litinns milk it grows with an 
acid reaction, the milk finally being peptonized. It does not liquefy gelatin 
and has no diastatie action. There is nothing distinctive about its growTh 
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on potato plugs. As previously mentioned, it grows on pectin, witli a brown 
discoloration of tbe medium. It reduces nitrates to nitrites with a pro- 
nounced reaction in the sulplianilic acid-alpha-naphthyl amine test used, as 
recommended by the Society of American Bacteriologists. 

DISCUSSION OF THE ANTIBIOSIS OF BACTERIUM B-1 

It would be difficult to decide just what factor is responsible for the 
destruction of the smut by bacterium B— 1. The fact that the bacterium 
produces pectinase and the possibility of the presence of pectin in the cell 
wall of smut sporidia, especially in young sporidia, suggest that the cell wall 
may be dissolved. This is somewhat corroborated by the fact that debris 
and oil-like globules are present in hanging drops of a suspension of the 
sporidia and the bacteria. The destructive action of the bacterium on the 
young growth and not on the old also suggests some activity of the pectinase. 
As mentioned in the foregoing discussion, the old sporidial growth contains 
a preponderance of chitin and a substance staining blue with dilute methy- 
lene blue, which possibly may be cellulose or some closely related substance. 
Since neither cellulase nor chitinase was found in the organism, it is not 
likely that it produces any enzyme that could act on these substances. 
However, it is evident that the presence of pectinase alone does not account 
for its antibiotic action. Other bacteria, such as Bacillus caroiovorus and 
B. meseniericus, have no destructive effect wliatever on corn smut. On the 
other hand, Bamberg’s bacterium does not produce a soft rot of carrot. 
Jones (9) concluded that in soft rot there was involved an ‘Active osmotic 
substance.” Evidently, each of these two organisms has its own specific 
antibiotic property. Possibly the destructive action of the bacterium in 
question cannot be ascribed to any one factor but may be the result of the 
interaction of a group of factors. Frost (6), in 1904, made a study of the 
antagonism of eertan soil saprophytes to B. iyplios%iB. His conclusions are 
probably applicable also to the results obtained by the writer on Bacterium 
B-1. They are, in part, as follows: 1. ^‘The antagonism results in not 
checking the growth, but in actually killing the t 3 ^phoid germs. In many 
cases the killing amounts to extinction.” 2. '‘There is no evidence to show 
that the antagonistic substances exist ready-formed in the soil, but rather 
that the antagonism depends on the rapid development of the germs in the 
immediate presence of B, typhosus.'^ ^ 3. “Changes in the environment of 
these organisms, such as temperature, oxygen supply, reaction of medium, 
amount of dextrose, etc., seem to have little or no influence on the produc- 
tion of the antagonistic substances. In other words, whenever the environ- 
ment is such that a good growth of the organism occurs, the antagonistic 
substanees are always produced.” 4, “The cause of the antagonism is not 
due in the eases studied to the exhaustion of food supply, the action of 
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proteolytie enzymes, specific poisons, or the production of the hydroxyl ions 
supply. 

Bamberg thinlts that the organism B-1 may be of some economic impor- 
tance, inhibiting the smut infection of corn plants to some extent under 
natural conditions. Whether it be of economic value or not, a study of it 
gives interesting information in regard to processes of antibiosis that are 
probably going on in nature. 

OTHER BACTERIA ANTIBIOTIC TO SMUTS 

In the course of some work on the black-chaff bacteria, the writer found 
several other types of bacteria that are antibiotic to smuts. As previously 
mentioned, these are designated by their laboratory numbers as bacterium 
C“l, D, and Myxobaeterium~l. 

Bacterium C-1 

Bacterium C-1 is a small gram-negative rod. As far as it was studied, 
it is identical with Bacterium B— 1 in its physiological reactions. It has a 
pseudocapsule, readily seen when dilute stains are used. It is constant in 
size ; including the pseudocapsule, it is about 0.8 x 1.2 microns. The central 
core is about 0.5 x 0.8 micron. The growth is slimy, but it does not have 
the, high degree of viscosity found in bacterium B~l. It grows upon the 
pectin media used for B-1. Alcoholic extracts were made similar to those 
made with B-1, but they had very little effect on carrot slices. The bac- 
terium reduces large colonies of corn smut and of the oat smuts to a slimy 
mass with complete destruction of the sporidia. No other smuts were used 
in combination with it. Like Bamberg’s culture B-1, its virulence is 
reduced by long-continued cultivation upon artificial media. When water 
suspensions of cultures of known virulence are inoculated into corn-smut 
galls, the latter are broken down and the young galls often turn green and 
disappear during growth of the plant. Like Bamberg’s bacterium B-1, 
virulent cultures of C-1, when used in high concentrations in combination 
with sporidial suspensions, usually prevent gall formation in corn plants. 
It has no antibiotic effect on species of Fnsarium, Penicillium, Aspergillus, 
Verticillium, and other soil fungi of unknown identity. It does not prevent 
the growth of fungi on the surface of soil moistened with broth cultures 
of it. It is, therefore, evidently specific for smuts. 

Bacterium D 

Bacterium D was found frequently as a contamination on agar plates 
by the writer in the course of some isolations of black-chaff bacteria. Con- 
taminating colonies of corn smut and this bacterium were often present on 
the plates, and wherever the colonies of the bacterium came in contact with 
the smut colonies the bacteria overran the smut colonies and finally de- 
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stroyed tiiern. Scores of smut cultures were inoculated with this bacterium 
and always with the same destructive effect. In the course of 10 to 14 days 
the sporidia in smut colonies an inch or more across Avere eonipletely 
replaced by the bacteria. The colony retained its original shape and con- 
tour, the only change in the appearance of the smut growth being the slight 
discoloration as the bacteria advanced. Figure 1 shows a smut colony so 



Fig. 1. Colony of VsiUago zeae, inoenlated with baeterium D. * 

replaced by the bacteria, and Figure 2, A, shows a stained mount of the 
colony at this stage. For comparison a mount of only sporidial material 
at the same magnification is shown (Fig. 2, B). Like the previoiisl}” dis- 
cussed cultures, bacterium D does not affect the old smut groAAih, This is 
not because of the dryness of the smut culture, since the addition of sterile 
AAuter at the time of inoculation did not increase its antibiotic effect. 

Inoculations were made into young corn plants with a Avater suspension 
of sporidia mixed with a water suspension of the bacterium. Only one of 
three dozen plants developed galls, Avliile 100 per cent infection occurred 
in twu dozen plants, inoculated AAdth sporidia only. The infection in that 
one plant may have been due to a survival of one pair of the proper strains 
of sporidia rather than to the inactivity of the bacterium. Another set of 
plants was inoculated to check this experiment, but no conclusions could be 
draAvn from them, because no infection occurred in the cheeks. 

Attempts also AA^ere made in the greenhouse at temperatures I'anging 
fiom 14 to 20 C. to determine the effect of the bacterium upon the infec- 
tion of AAdieat and oats by the various smuts. Inoculations ere made both 
Avith cultures and with elilamydospores of the smuts and the soil Avas kept 
moist with bacterial cultures. Results were inconclusive, since no smut 
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Fm. 2. A. Stained mount from the colony of TJstilago zeae shown in figure 1. The 
sporidia have heen replaced by the bacteria. (xljSOO.) B. Stained 
mount from si>oridial material. (x 1,200.) 

developed in the checks. Eodents and birds repeatedly destroyed the plant- 
ings outside, so no idea was obtained as to the role of the organism in the 
infection of wheat and oats by smuts. 

During some inoculation experiments to determine whether the organism 
can prevent bunt and oat smuts from infecting the seedlings in the soil, 
there was noticed the complete absence of Pyronema and other fungi from 
the tops of the pots kept moist with the broth cultures of the bacterium. 
Without exception, the checks, to wdiich only sterile broth was added, were 
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coYered -with fungus growth. To check further on this observation, a series 
of pots of soil was used in another experiment in which one set was kept 
moist with a broth culture of the bacteria, another set being moistened with 
broth without the bacterium. The former remained free from fungus 
growth, while the latter was covered with it. In another set of pots inocu- 
lations were made with various fungi found growing on soil; some were 
moistened with a broth culture of the bacterium and some with broth only. 
The results were the same as in the previous series. Figure 3 shows a pot 



Hig. 3. Soil inoeulated with, a mixture of soil fungi, moistened with a broth culture of 
bacterium D, and showing the absence of fungus growth. 


SO inoculated with fungi and moistened with the broth culture of the 
bacteria. The surface shows no fungus growth. Figure 4 shows a check, 
a pot inoculated with fungi and moistened with broth alone. It is over- 
grown with Pyronema and Penicillium. Evidently, bacterium D is active 
in the soil and has an antibiotie effect upon some soil fungi. 
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Fig. 4. Check: Soil ineeulated with approximately the same amount of soil fungi, 
moistened with growth without bacterium D, and showing growth of Pyronema 
and other soil fungi. Compare with figure 3. 

No enzymes of any kind eoiild be demonstrated in bacterium D either by 
cultural methods or by precipitation of broth cultures with alcohol. 

Specificity. A. In artificial media. The organism destroys colonies of 
TJstilago zeae^ XJ. leviSf and U. avenae. It was not tried on other smuts. It 
also kills one species of Penieillium. It remains in a vegetative condition 
for a long time in li<4nid cultures of other species of Penieillium but is 
finally crowded out. This may be due to a difference in rate of growth. 
It does not affect species of VerticilUum and Fusariimi. 

B. In soil. As previously stated, no conclusions could be drawn from 
the inoenlations of the smut and the bacterium into the soil because no smut 
occurred on the checks. However, as shown, the growth of many types 
of fungi was inhibited. Possibly the high buffer content of the soil pro- 
tects the bacterium against excessive acid. In a liquid medium excessive 
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aeid is unfavorable to the growth of the haeterium and produces sporu- 

lation. 

CMural cJiar act eristics. The baeteriuni produces no gas. It produces 
acid on dextrose but not on lactose, sucrose, or mannite. It has a proteolytic 
action on milk and liquefies gelatin rapidly. It does not produce indol. It 
lias no distinctly characteristic growth on potato and does not produce 
diastase. It is not chromogenic. Under certain conditions it grows in a 
star-shape colony. It probably belongs to a group of spore bacteria with 
this same charaeteristic, for two other cultures ivere isolated with this same 
type of colony but they differed from this bacterium in their sugar reactions 
and had no destructive effect on smut. 

Morphological char act eristics. The bacterium is a motile spore bearer. 
It is variable in size, depending on the richness of the medium, ranging 
from 0.6 x 2 to 1 x 3 microns. On media rich in dextrose and protein it 
assumes very bizarre shapes. It is somewhat pleomorphic, the rod-shape 
forms often breaking up into round bodies which stain with the common 
bacterial stains. The cells usually occur singly, but short chains may be 
found. It is gram-positive in young cultures, but the cells gradually lose 
this property in old cultures. 

Biscussion of the antihiosis of ha^cterium B. On sugar media the bac- 
terium sporulates quickly, but, if smut is added to a broth pulture reduced 
almost completely to spores, the culture starts growing and may continue 
in the vegetative form for weeks. The same is true when inoculations are 
made with certain species of Penicillium and other fungi. It may be pos- 
sible that the fungi utilize acids and other metabolic substances that would 
otherwise cause staling of the bacterium. Hill (8) found that certain 
species of Penicillium activated cultures of certain luminous bacteria. 
Y^hen filter-paper medium w^as inoculated with the bacterium I) no growth 
occurred. Pinally the medium became contaminated with a Penicillium, 
which grew upon the inorganic salts solution and spread over tlie filter- 
paper without affecting the paper. YHierever the Penicillium gre^v there 
was abundant growth of the baeterinm, and it continued to exist in the 
vegetative form. The bacterium destroys the sporidia in smut colonies an 
inch or more in diameter in 10 to 14 days. The smut colony retains its shape 
and general characteristics, the only indication of the advance of the bac- 
terium being a slight change in color of the smut colony. The bacteria 
replacing the smut culture are in the vegetative form as long as there is 
smut left. The bacteria on the agar medium surrounding the smut are in 
the spore condition after a few day^s growth. In the broth culture the 
antihiotie effect on the smut is not so pronounced; the bacterium prefers 
aerobic conditions, and the corn smut grows w^ell under semiaerohic condi- 
tions. This m&y hamper the bacterium to some extent. Then, too, the 
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bacterium is sensitive to acid. The agar, with its high buffer content, 
probably protects it against this staling product, enabling it to continue 
its growth upon the smut, while the broth does not contain so much buffer 
material. The inhibition of fungus growth upon pots of soil inoeulated 
with fungi and moistened with the bacterial culture suggests the same thing, 
that the buffers in the soil probably maintain a favorable reaction for the 
bacterium. It seems evident that, when other conditions are suitable, the 
bacterium obtains some element of food from the fungi to which it is 
antibiotic. 

It is difficult to suggest what the antibiotic substance is. Sporulating 
cultures that had been boiled vigorously for 10 minutes, then allowed to 
germinate, did not lose the antibiotic property. As stated before, no 
enzymes were demonstrated that could dissolve the cell walls of the sporidia. 
It produces no acid which might be destructive to them, for the filtrate of 
the bacterial culture supported growth of the smut. Its virulence is 
destroyed by constant cultivation upon artificial media. With all findings 
negative, it would seem again that the antibiotic action may be clue to a 
factor or a group of factors that are not readily demonstrated. 

Myxohacternmi-1 

A Myxobacterium, also, was found by the writer in the course of some 
work on black chaff. It appeared as a pink streak in a corn-smut colony 
contaminating an agar plate. At first it was thought to be a Fusariuni and 
was kept under observation to see wliich one would crowd out the other. 
Further study showed that it consisted of rod-shape bacteria and round 
spores, the latter forming globular or somewhat oval fruiting bodies. This 
development corresponds to that of the Myxococcus, a genus of the Myxo- 
bacteria. 

According to Quehl (16) and several other investigators, Link described 
a Myxobacterium in 1795, but he thought it was a Gasteromycete. Schroeter 
recognized the bacterial nature of the organism and described two species 
in 1889. However, he made no further study of them. Tliaxter (18, 19, 
20, 21) made the first extensive study of the group. This work was fol- 
lowed by a series of articles by European workers, among whom are Baiir 
(2), Kofler (10), Quehl (16), and Vahle (23). More recent work has been 
done by Helena Krzmieniewska and S. Krzmieniewski (11, 12, 13) of 
Poland. Emoto (4) of Japan recently has published a list of the investi- 
gations on the group up to date. 

Faull (5) has summarized the characteristics of the myxohacteria as 
follows .-/'The Myxobacteriaceae constitute an exti-emely interesting assem- 
blage of forms because of their apparent relationship to the bacteria on one 
hand, and to the slime molds, particularly the Acrasieae, on the other. The 
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indiyi dual plaiits axe bacteria-like rods in all cases, and after a Yegetative 
period, these swarm together to organize a definitely shaped pseudo “fructi- 
fication, without, except in Myxococcns, undergoing any marked morpho- 
logical changes themselves. These fructifications are not comparable to the 
more or less heaped-iip colonies characteristic of certain bacteria; but, as 
Thaxter has pointed out, are strictly compai'able to the fructifications of 
the Acrasieae/’ 

Myxoba cteria have been isolated from many sources, such a dung, rot- 
ting wood, decaying leaves, lichens, fungi, and filter-paper, and once from 
a bird’s nest. Thaxter (18) in 1892 described one of them, a species of 
ChomlromyoeSy as parasitic upon living lichens, which it destroys.” 
Geitler (T) in 1924 isolated a species of Polyangium, which invades the 
cells of a Cladophora species and destroys this alga. 

3Iijxol)(icferium-l. As previously mentioned, this culture was first 
observed growing on a smut colony contaminating an agar plate and 
appeared as a pink streak in the smut growth. It evidently belongs to 
the genus Myxococeus. It consists of a rod-like, often slightly curved, 
vegetative form, and in its later growth produces round spore-like bodies 
which form globular or slightly oval fruiting bodies. Among the species 
of Myxococeus described, it resembles Myxocooc^is riihesoms Th. more than 
any other. How^ever, Vahle (23) and, later, Yoshi (25) have reported 
that M. rul)escens liquefies agar. Since liquefaction has not been obserevcl 
in the case of Myxobaeterium-l, it does not correspond entirely to the 
description of M. nhescens. So far, the work on the myxobacteria deals 
with the source, method of isolation, and the morphological characteristics 
of the group. Until a comparative study, including the physiological eliar- 
acteristies, can be made, it would not be possible to identify the species 
discussed here. So much work has been done on the morphology of the 
group, the most recent being on those species found in Poland, that no 
general discussion is necessary. 

Myxobacterium-l is colorless in its vegetative stage, but, when the 
pseudoplasmodium begins to draw together to form fruiting bodies, the 
colony often acquires a pink tinge. The fruits range from a faint to a 
dark pink. Several times they have turned to a brick-red, when growing 
on old smut growth. Fruiting bodies are formed much more rapidly on 
drying media, although they finally form even in a liquid medium. Pre- 
liminary to fruiting the vegetative mass evidently seeks the high, dry places, 
wherever this is possible, for the fruits are usually found on elevated areas. 
Figure 5 shows fructifications on the ridges and protuberances of old smut 
growth. On eliitin the fruits almost always appear at the apices of the 
pieces. Figure 6, A, shows the lateral view of the characteristic position 
on chitiii. 
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Pig. 5. Large colony of Vstilago levis with the fruiting bodies of Myxobacteriuni-l. 

(Natural size.) 

Cultural cliaraoierisUos. Tlie best medium for tliis Myxobacteriiim is 
young, vigorously growing corn smut or the oat smuts. The smut becomes 
covered and permeated with the colorless vegetative growth of the organ- 
ism. In about 10 days fruiting occurs, the smut colony being covered with 
pink, bead-like fruits, placed on the elevations of the smut. These may 
remain intact for several months. The bacterium grows w^ell on Kofier’s 
cane-sugar medium of the following composition: Peptone, 2.5 gm. ; cane 
sugar, 15 gm. j magnesium sulphate, 0.25 gm.; agar, 9 gm. ; tap water, 
500 ce. It also grows 'well in a liquid medium of the same salts and organic 
constituents. The following precipitated cellulose medium is very favor- 
able : Ammonium magnesium phosphate, 2.0 gm. ; dibasic potassium phos- 
phate, 0.25 gm. ; magnesium sulphate, 0.25 gm.; sodium chloride, 0.1 gin.; 
ferric chloride, trace; agar, 15 gm. ; precipitated cellulose; tap water, 
1,000 cc. Tliis gives a slightly alkaline reaction, which seems favorable to 
the organism. At times a very scant grow^th has been observed on the 
medium without the precipitated cellulose, but the difference in the amount 
of grow^th is so marked that it can undoubtedly be assumed that the precipi- 
tated cellulose serves as a food element. It also gro-ws readily on filter- 
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Pig. 6. A. CMtin pieces showing fruiting bodies of Myxobaeterium-l in eliaracter- 
istie position on the higher portions of the medium. (x 6.) B. Pruiting bodies of 
Mj^obacteriiuu-l scattered over a piece of ehitin. The ehitiii was originally white, but 
it has been darkened by the bacterial growth. (x 6.) 

paper niediiiin, consisting of the salts used in the precipitated cellulose 
medium, 1 per cent agar, and shredded filter-paper of a good grade. Shred- 
ding is accomplished by the use of a nutmeg grater. The paper absorbs so 
nineli of the water in the medium that it becomes too dry to support growth 
if more agar is added. It does not grow on filter-paper of the same grade 
when this is suspended in a liquid solution of the same salts. If the sus- 
pended filter-paper is inoculated with both the bacterium and the corn-smut 
sporidia, the latter grow fairly well on the liquid medium and the colonies 
spread over the moist filter-paper. These smut colonies usually are cen- 
trally pink, as a result of the growth of the Myxobacterinm on the smut. 
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The organism also grows fairly well upon the pectin medinm that was 
used in culturing ha cterinm B-1 and C-1, turning the medium a dark 
brown. It grows upon the chitin medium previously described, turning 
the chitin a dirty pink and gradually softening it. Figure 6, B, shows the 
fruiting bodies scattered over a piece of chitin. The chitin was originally 
white and has been blackened by the bacterial growth. Sterile water must 
be supplied often enough to keep the chitin moist or no growth takes place. 
G-rowth on chitin is slow, several months being required before any per- 
ceptible change occurs. No further study of the food requirements of the 
bacterium wms made. 

Effect on smnt growth. When the bacterium is inoculated into young 
eorn-sniut cultures, the fructifications occur, as previously mentioned, on 
ridges and elevated portions of the smut. Examination with a hand lens 
shows that the protuberances are levelled down, so the part overrun by 
the bacterium has a smooth surface, while the areas that are not overgrown 
have a rough surface. The bacteria confine themselves to the smut, never 
spreading beyond it upon the media. 

Specificity. The organism grew upon corn smut and the oat smuts. 
It was crowded out by Penicillium, although fruiting bodies of Myxobac- 
terium frequently were found among the hyphae of Penicillium. No fur- 
ther study was made of its specificity nor was its economic importance 
determined. 

Discitssion of the antibiosis of Myxobaeterium-l 

Myxobaeterium-1 has not been found wdthin the smut cells, so its action 
must be extracellular only. It evidently is able to produce chitinase, pec- 
tinase, and cellulase. If it be a fact that the cell walls of the corn and 
oat-smut sporidia contain chitin, pectin, and cellulase, or some closely related 
substance, as microehemical tests suggest, then this bacterium may be able 
to attack and dissolve the cell wall of the sporidia. However, as previously 
mentioned, not all bacteria producing pectinase are antibiotic to smuts. 
Similarly, not all bacteria that produce chitinase have a destructive effect 
on the smuts studied. For example, another species of Myxococcus and an 
Actinomycete were found which break down chitin but which have no effect 
whatever on smut. Evidently, then, the presence of the enzyme is not the 
determining factor. If it play a part in the antibiosis, there must still be 
some other factor involved which has not been demonstrated in the course 
of this investigation. Probably the outstanding result of this study is the 
evidence obtained that several groups of bacteria are concerned in such 
antibiotic processes going on in nature. 

SUMMARY 

1. Four types of bacteria are discussed which are antibiotic to certain 
smuts and other fungi. Thej^ consist of a coccus; a motile, nonspore-bear- 
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ing, rod-like bacterium; a motile, spore-bearing, rod-like bacterium, and a 

Myxobaeterium. 

2. A. study of tlio 6iizyiii6s of those bacteria was made to detsmiine if 
they can break down the cell wall of the sporidia and so destroy the smut 

gTOWth. 

3. Sporidia of corn smut were stained to determine the chemical con- 
stituents of the cell wall. 

4. Some of the bacteria contain enzymes with which they may be able 
to dissolye the corresponding chemical constituents of the cell walls of 
sporidia. 

5. However, certain other bacteria, with the same types of enzymes, do 
not affect the sporidia of the same smuts. There are, therefore, probably 
other factors involved in the antibiotic property. 

6. The cultures become avirulent after long cultivation upon artificial 
media. 

7. Some experimental work was done on all the cultures except the 
Myxobacterium to determine their effect upon infection of corn plants by 
smut. The results indicate that they may inhibit infection to some extent 
under proper conditions. 

8. While it is impossible to make any statement as to the economic im- 
portance of this antibiosis, the study suggests that antibiotic processes 
occur in nature. 

TJn'iversity Farm, 

St. Paul, Minn. 
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YELLOW SPOT OP PINEAPPLES IN HAWAII 

J. F. I LUNG WORT 
INTRODUCTION 

A destructive disease of pineapples, new to science, has demanded dur- 
ing the past 4 years the serious attention of the scientific staff of the Experi- 
ment Station of the Association of Hawaiian Pineapple Canners, in Haw'aii. 
Observed first as a distinct disease, in the spring of 1926, narrow in its 
range of distribution, it has since become wide-spread and at times exceed- 
ingly destructive. 

This paper is designed to present a picture of the nature of the disease, 
giving a history of its development, with observational and experimental 
data leading to the discovery of the probable vector, a species of thrips. 
Only tentative control measures are suggested. Further study of the prob- 
lem is in progress by other workers. 

Dealing with this disease, Dr. C. P. Sideris made the first studies. - 
During the next 2 years the disease assumed alarming proportions, and 
Mr. Glenn E. Paxton reported fully,® with excellent illustrations, summing 
up our knowledge of the subject to date, at that time. Both papers were 
published only in the local organ of the pineapple industry. 

DESCRIPTION OP THE DISEASE 

The first appearance of this disease, the so-called ^‘initial spot,^’ is 
a slightly raised yellowish spot on the upper surface of the leaf. It varies 
in size from | to i inch in diameter. When fully developed the darker 
center is surrounded with a halo of yellow (Pig. 8). Ordinarily only 1 
leaf on a plant is thus affected, but in extreme cases we have found as 
many as 5 initial spots on a single plant. When the spot makes its appear- 

1 This study has not been aii individual effort. It was carried on jointly by the 
Entomological and Pathological Departments of the Station. Mr. Glenn E. Paxton, of 
the latter Department, cooperated with the writer closely in all of the later field work. 
Furthermore, it was his suggestion in April, 1929, that side rot might be a virus disease, 
which started us on the right track to our goal. Dr. Royal N. Chapman, head of the 
Department of Economic Entomology at the University of Minnesota, also "was associated 
with the investigation for a brief j)eriod, during October and November, 1929. He made 
a most important contribution to the investigation, discovering the characteristic, micro- 
scopic, insect punctures associated with the yellow spot on the leaves. Finally, the 
work of Dr. M. B. Linford, of the Pathological Department, indicated that the vector 
was an insect of very small size, which embedded its egg in the pineapple leaf. It 
was upon the basis of this work that the vector was suspected to be a species of thrips. 

2 Side rot of pineapple idaiits, March, 1927. 

3 ^^Side rot^^ or yellow' spot^^ disease, June, 1929. 
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aiiee it is 3 to 8 inches from the base of the leaf. This is due to contiiined 
basal growth during the fairly long incubation period. After infection 
takes place^ in the axillary region of the leaf,; 10 to 20 days must elapse 
before the yellow spot is apparent. The rate of growth of the individual 
plant determines the distance up on the leaf. All the evidence goes to show 
that the insect infection takes place near the center of the plant, for the 
initial spots appear on the leaves of the third or fourth whorls from the 
center. 



Fig. 1. Young pineapple plant suffering from an advanced stage of yellow spot. Note 
the charaeteristio tipping of the plant to the right. The arrow points to a spot on a 
leaf, where infection took place. Photograph of colored plate by Armena Eller. 


^ Lnder favorable eonclitions, a yellow streak develops directly below tlie 
imtial spot, widening in the region of the white tissue at the base of the 
leaf. The tendency of this streak is to become constricted into circular 
yellow blotches, giving it the appearance of a chain of heads. These usually 
start an inch or more below the initial spot. After a few days the portion 
of the streak in the white tissue, at the base of the leaf, has a water-soaked 
appearance. In the presence of moisture in the leaf axils, rot soon follows. 
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extending to the stem. A few days later, a yellow streak, deYeloping into 
the characteristic beaddike chain, can be observed extending np the next 
leaf above the one first affected. This nsually spreads quickly to the other 
central leaves, and the whole plant is doomed. 



Pig. 2. A median section of the plant shown in figure 1. Note how the rot is pro- 
gressing downward to the stem. The initial infection on the leaf is indi- 
cated hy the arrow. Photograph of colored plate by Armena Eller. 


At the point where the tissue of the stem is affected, the stem ceases to 
grow. The normal development of the healthy part, on the opposite side, 
soon causes the plant to bend over very decidedly (Pigs. 1 and 2). This 
led at first to the name '^side rot’^ to designate the trouble. 

Side rot is primarily a disease of young plants. Of the three types of 
planting material, tops are by far the most susceptible because of their loose 
structure, permitting the vector easy access to the tender tissue in the leaf 
axils. Tops, while still attached to the fruit, may also be affected (Pig. 3). 
This usually follows in a field that has previously suffered from the disease 
on the plants. Yet, in sevei’al instances, it occurred first on the foliage 
of the fruits, in fields where the disease had not troubled the plants. 

History of its development. This disease first came to my attention 
May 24, 1926. It appeared in a young field on Oahu, located in a fairly 
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An advanced stage of yellow spot, showing its effect upon tlie to^D- Here most 
of the leaves had died and rot was progressing downward into the 
fruit. Photograph of colored plate by Armena Eller. 


rainy section. After the warm weather came on, in June, the tronble 
ceased. That was an exceptionally dry year. With cooler weather and 
occasional showers in December, the tops on the fruiting pineapples in this 
same locality began to suffer from the disease, resulting in the rotting of 
many of the fruits. 
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Pig. 4. History of yellow spot in relation to rainfall. Rainfall indicated by solid 
lines; virnlenee of disease on young plants, by dotted lines; on tops (attaebed to fruits), 
by daslies. Tlie rainfall records are tliose of Schofield Barracks in the heart of the 
pineapple section on Oahu and are fairly representative of the fields from wdiieh the 
disease data are recorded. 
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The season of 1927 opened with increased rainfall (Pig. 4) and the dis- 

ease made rather slow progress. A new outbreak, however, extended the 
range to a distance of several miles, into a fairly dry region. The disease 
also appeared on tops of fruits in a field planted with suckers. This indi- 
cated that we were dealing with a new primary infection. 

The spring of 1928 was a period of few intermittent rains and the 
trouble increased materially over what it had been in the 2 previous years. 
It not only was more virulent in the original locations but continued to 
spread to more distant centers. However, the trouble ceased as hot, dry 
weather came on at the end of May. The disease began to appear again in 
December after the rainy season started. We were at a loss to know^ the 
cause of the trouble. Sick plants were pulled and carted out of the fields 
by dray loads. 

The year 1929 opened with low rainfall, and the disease again developed 
with increasing virulence (Fig. 4). The spread was tenfold what it had 
been in previous years. It now appeared in practically every section where 
pineapples were grown on Oahu. Furthermore, it continued into the sum- 
mer; in fact, it never completely disappeared, for diseased plants could be 
found throughout the hottest and driest weather. The trouble appeared 
to be slowed down only by these adverse conditions. It now became evident 
that the disease was systemic. In fields hit the previous year, we found 
all types of planting material 'while still attached to the parent plant, show- 
ing the characteristic yellow spots, with leaves rotting at the base. Tops, 
slips, and suckers were affected alike. Evidently the parent plant had 
carried the trouble over from the previous season. 

In June, 1929, the disease was reported from the eastern end of Molokai, 
probably taken over on the planting material from Oahu. We made a care- 
ful survey and found conditions very similar to those on the island of Oahu. 

In September, 1929, there was an exceptionally early outbreak of yellow 
spot in a young field, located near the original center of the trouble on 
Oahu. Virulence increased until rains set in, when the disease disappeared 
as suddenly as it came (Fig. 4). Here the weather seemed a very impor- 
tant factor. During November, 1929, this disease was found to be fairly 
widely distributed on Maui. This left only the islands of Kauai and 
Hawaii unaffected. 

Ohservational and experimental data. As I have indicated, climatic 
conditions evidently play an important part in the activity of the disease. 
The relation to rainfall is clearly shown in the graph, figure 4. Even after 
the initial spot makes its appearance further progress of the disease is 
determined by Aveather conditions. Humidity hastens the disease, while 
drought slows it do'^vii for months. 
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Long before we knew what was causing the disease, we began to notice 
a very definite relation to the prevailing winds coming from old fields. A 
good illustration is that on east Molokai : in this ease, the infected area was 
limited and appeared to have a very definite relation to the prevailing 
winds coming from old weedy fields in w'hich tops were badly affected with 
the disease (Fig. 5). We could not find a trace of the trouble anywhere 
else on Molokai. Young fields lying not more than a quarter of a mile 
away from this infested center showed perfect growth. 
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Fig. o. Sketch to show the relation of infection of yellow spot to prevailing winds 
on Molokai. The old fields were very weedy, and most of the pineapple tops had been 
cut off, because they had been attacked by this trouble. Diseased plants are indicated 
by X marks (each representing several plants). 
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This wind relation I had found in evidence in several places on Oahu. 
As a typical example I will cite a field of 77 acres at Kunia, which is a fairly 
arid section (Pig. 6). The windward area of this field suffered serious 
injury from yellow spot. Careful counts of plants demonstrated that the 
disease gradually diminished toward the leeward side, where there was no 
evidence of the trouble w’^hatsoever. 

Mr. Paxton and I began a study of field weeds early in April, 1929, fol- 
lowing his suggestion that this might be a virus disease with some weed 
as a host. At that time we decided to call the trouble ‘‘yellow-spot’’ dis- 



PiG. 6. A / 7-ciei*e field at Huaia on Oalm, wLieli showed a decided wind infection, 
from an abandoiied, w^eedy area adjoining. In the portion of the field marked 1, the 
loss from yellow spot "was extremely heavy, A little further in, 2, the losses were not 
more than one-half as much, while at the leeward side, 3, there was no indication of the 
trouble. 
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ease, ’because of the confusion in the use of the name “side rot with sev- 
eral other rots on pineapples. 

We collected all the various insects found on weeds in the affected fields, 
to determine what vector was transmitting^ yellow spot. Preliminary 
trials were made with the following insects, enclosing them in large lantern 
chimneys over pineapple plants, both in the field and in our greenhouses : 
(1) Nysius bugs, from Erigeron, Portulaea, and Bidens; these bugs were 
observed frequently down in the heart of young pineapple plants, especially 
following weeding of the fields. (2) Plant lice, from Sonchus, nightshade, 
Portulaea, Emilia, and several other weeds. (3) Jassids, from nightshade 
and Paspalum grass. (4) Thrips, from Emilia flowers and leaves. Ee- 
sults from these preliminary trials were all negative, as were likewise our 
numerous attempts to reproduce the disease artificially. 

Dealing wdth susceptibility to yellow spot, I critically studied the vari- 
ous types of planting material, especially as to structure and its effect upon 
insect population.^ Even a casual observation indicated that tops, due to 



El&. 7. Sketches of the hutts of stripped Cayenne iDlanting material. 1. A crown 
showing leaves loosely attached and not coming together at edges. Here we see dis- 
coloration, -where insects, mites, etc., are -usually secreted, feeding on the very tender 
white tissue. The dark spots on the stem are the early stages of injury by the fungus 
Thielaviopsis, initiated by these pests. 2. A slip sho-vving overlapping of the leaves at 
their edges. Due to the fact that they clasp the stem more tightly, the white area at 
the base is considerably greater than seen in the crown. 3. A sucker, showing extremely 
tight imbrication of the leaves about the stem. It is practically impossible for thrips. 
to infect this type of plant. (Engraving, courtesy of Experiment Station, Association 
of Hawaiian Pineapple Caniiers.) 

4 Leaf characters and resistance to yellow spot. Reported on in Station files for 
October, 1929. 
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tlieir op eiij spreading leaves, have a much greater insect population than 
suckers (Fig. 7). The closer imbrication of the leaves in the latter evi- 
dently accounts for their relative immunity from yellow spot. 

During the period July to September, 1929, further experiments were 
carried on with possible vectors. Thirteen kinds of insects were used. 
Besides those studied previously, all of the following various organisms 
found in my stud^^ of structure of pineapple planting material were now 
included: Tarsonemus mites, red spider, and a species of ttirips that rather 
constantly occurs with them, pineapple mealy bugs, sioring tails, bucl-moth 
caterpillars, Chironomid maggots, Nitidulid beetles, and ^colia nanilae 
wasps. All of these are closely associated wuth the growing pineapples, but 
none of them gave positive results. 

The quest for the vector was now taken up on a much-increased scale. 
Plant lice were again studied thoroughly. Jassids of two species, rather 
abundant on weeds in the affected field, were caged by hundreds with young 
pineapple plants. They appeared to feed normally on the tender tissue at 
the base of the leaves and even inserted their eggs in crescent-like slits that 
they cut in the epidermis. On October 23, I found a pineapple leaf in the 
field with similar punctures containing fresh eggs. Prom none of these 
studies, however, was yellow spot reproduced. 



Bio. 8. Two pineapple leaves slxowing initial yellow spots above. A. An early 
stage of tlie disease, with the water-soaked areas just beginning to appear at the base, 
indicated by shading. ^ B. An advanced stage, showing the characteristic chain of sec- 
ondary yellow spots, with rot well advanced at the base. Photograph of colored plate by 
Armena Eller. ^ ^ 
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Based on tlie assumption, from analogy, tliat tlie vector of yellow spot 
might be one of the homopterons bugs, suspicion at this time centered upon 
the three-cornered alfalfa hopper, Sirioiooephala festina (Say). This in- 
sect Avas first reported in the Islands in 1925, so this fact appeared 
to strengthen the hypothesis that it was the vector and that our pineapple 
vims possibly came Avith it. Although this insect had rarely been observed 
in pineapple fields, it is a strong flier and could easily migrate long dis- 
tances. The fact that it commonly lived and bred upon Crotalaria and 
other leguminous plants A\^as also taken into consideration, for many such 
weeds occur in the sections where pineapples are groAAUi. These hoppers 
were collected in A^'ast numbers in alfalfa fields and Avere caged hj hundreds 
with pineapple plants, together AAuth Crotalaria suffering from a inosaie 
disease. The insects appeared to feed freely upon pineapple leaves, but 
they failed to suiwive in the cages. No infections resulted from the feed- 
ing punctures, so they, too, had to be rejected. 

Microscopic study of the diseased pineapple leaf by Dr. Royal N. Chap- 
man disclosed A^ery tiny, characteristic punctures, usually present in or 
near the initial spot. The supposition for a tim.e Aras that these punctures 
AA’-ere made by the mouth parts of some sucking insect. Sections cut 
through tliem by Dr. M. B. Linford indicated that they AA^ere, however, the 
nidus of an egg of some very tiny insect. Thus the search for the vector 
became quite sharply deffned. The insect evidently AA^as considerably 
smaller than any of the homopterons bugs knoAvii to be present in the 
Islands. Hence, such bugs aa^ ere noAV eliminated. 



puncture iu tlie epidermis could be seen easily, but to observe tbe shadowy outline 
of tlie egg embedded in the mesophyll required a strong transmitted light. 

We used tanglefoot extensively in the infected fields to trap transient 
insects, but even this method shed little neAV light on the subject. The 
same kiiiGls of hugs Avere captured that had been collected on AA^eeds. There 
was one addition, a minute Mirid, Leiicopoecila all)ofascmia Reuter, AAdiich, 
for a time, became a suspect, chiefly due to the fact that members of the 
family ]\Iiridae are known normally to insert their eggs singly into plant 
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tissue. Then, again, this insect was so small that there was a possibility 
that its egg might fit the minute punctures. These bugs fed freely upon 
pineapple leaves, where they also oviposited. Measurements of the ovi- 
positor, however, forced us to abandon this insect as a suspect, for its punc- 
ture was considerably too large. The region on the leaf where the egg v^as 
inserted developed a slight water-soaked appearance, with some discolora- 
tion, but there was no development of yellow spot. 

About this time there first appeared evidence of reproduction of the dis- 
ease in our cage experiments. Crotalaria plants showing marked mosaic 
yellowing and infested hy aphids tv ere collected in a field where yellow spot 
was present on pineapples. (I discovered later that the flowers were in- 
fested also with thrips.) These plants Tvere potted, together with seedling 
pineapples, and enclosed in large lantern chimneys, October 7, 1929. 
November 4, a pair of initial spots began to show about 3 inches from the 
base on one of the pineapple leaves. As growth eontinned, the plant 
passed through all stages of the disease and finally rotted. 

Hence it will be seen that the disease required almost a month to incu- 
bate before it made its appearance as a yellowing spot on the leaf, A sec- 
ond experimental plant was attacked with the disease after a period of 29 
days with similarly infested Crotalaria. Plant lice are well-known vectors 
in some types of mosaic, but they could not possibly produce the punctures 
found so regularly in the vicinity of the initial spot. 

We next turned our attention to a very tiny Anthrocorid bug, TniMeps 
penequens F. B. White, which preys upon aphids, thrips, and other insects. 
Great numhers were collected and caged on pineapple plants. They in- 
serted their beaks and fed freely on the white portion of the leaf and also 
used their sword-like ovipositor to embed an egg here and there in the meso- 
phyll. While these came much nearer to the size required than anything 
that we had had so far, they were still too large. Furthermore, none of the 
plants developed any sign of yellow spot. 

Seeking a still smaller insect, I finally began an examination of the vari- 
ous species of thrips that occur in and about pineapple fields. One, re- 
ferred to above in a preceding paragraph, in the flowers of diseased Cro- 
talaria, is omnipresent on many field weeds. I suspected it as being the 
vector in the two instances cited. This species has a saw-like ovipositor 
(Fig. 10), vdth which eggs are inserted singly into the mesophyll of plants. 
■With strong transmitted light the eggs embedded in the stamen tube of 
Crotalaria flowers were examined, and it was found that the punctures 
agreed perfectly both in size and shape with those that occur in diseased 
pineapple leaves. Hence, there appeared to be little question that we were 
at last on the right lead. Moreover, there was considerable evidence of 
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Eig. id. Tlie end of the abdomen of an onion thiips, Thrips tataci Lind., slio'wing the 
efficient, serrate ovipositor with which the eggs are inserted into the tissues of 
the plants. Highly magnified. Photograph by Dr. C. P. Sideris. 

thrips feediiig’-pnnctTires on the leaves of all affected pineapple plants. 
Infection, undoubtedly, is caused by the mouth parts. Ovipositing in the 
vicinity of the yellow spot is probably only incidental. 

As a preliminary step, w^e collected thousands of thrips from various 
weeds and flowers in the affected localities and enclosed them over small 
seedling pineapple plants. Several species of thrips were concerned, but 
the onion thrips was remarkably scarce at the time, due to heavy rains. 
None was observed among those collected. Many of the thrips congregated 
between the imbricated leaves and evidently fed, for eharaeteristie sears 
were present in the tender white epidermis. In several instances I located 
fresh eggs inserted into this same portion of the leaf. One of these eggs 
was sketched, using the camera lueida with a very strong, transmitted light 
projected through the leaf from below (Fig. 9). None of these plants de- 
veloped the disease. After resigning from the Station, I continued the 
experiment, collecting thrips under more favorable weather conditions. 
At that time the onion thrips was much in evidence. Two of the pineapple 
plants used iu tlie experiment soon developed the characteristic yellow spot. 
This evidence was very encouraging, pointing to thrips as the vector. 

Though several species of thrips were included in this experiment, 
Thripfs tahaci/^ which occurs in the affected area on the leaves and in the 
s Tills deterniiiiation verified for me by Dudley Moulton in liis letter of Feb. 18, IDSD, 



878 


Phytopathology 


[A^ol. 21 


flowers of several weeds, became a strong suspect.® The recorded host 
plants of tkis species (2) include an extensive list of v^eeds and grasses. 
It bears, near the end of its abdomen, a strongly serrate ovipositor (Fig. 
10), well suited to produce the punctures that we have noted. 

As for records of thrips as a vector in the literature, I find nothing con- 
clusive, However, there are several instances where these insects were 
thought to be responsible for the transfer of mosaic. Boning (1) had 
mosaic transmission from beets to spinach when only the onion thrips was 
in evidence. Another instance: Ogilvie (4) reported mosaic transmission 
on lilies, the only insects present being thrips (onion?) and a mealy bug. 
The same author (5) states that onion thrips can be controlled by two ap- 
plications of nicotine sulphate, i pint to 50 gallons with 2 pounds of soap 
added. No results were obtained with nicotine dust. Triphleps, preda- 
ceous on these pests, cheeked them in May. 

Several excellent papers dealing with the biology of onion thrips are 
available. The best of these are in a series by Wardle (6), MacGill (3), 
and Wardle and Simpson (7). These studies were made on cotton in the 
United States and Egypt. The observations of the authors that thrips in- 
jury was particularly destructive along windward edges with relatively 
little destruction to leewnrd fits exactly the situation with yelloAv spot pine- 
apples. Thrips, being exceedingly small, are commonly distributed by the 
wind. Their wings are so feather-like that it is impossible for them to 
make progress even into a light breeze. Again, it was found in the cotton 
investigation that heavy rains materially cut down thrips injury, since 
these pests are so poorly protected. This observation, too, just fitted the 
situation we had during January, 1930. No yellow spot appeared in our 
fields following the heavy rains. Furthermore, it was observed on cotton 
that drought and high temperatures of summer slowed down the thrips in- 
jury to the lowest ebb. This, too, fits for yellow spot of pineapples. In 
Egypt, thrips were found to be most prolific during periods of light sho-w- 
ers and moderate weather. It is noted that yellow^ spot has been most 
destructive under such conditions (Fig. 4, Graphs for 1926, 1928, and 
1929). 

COMBATINO THRIPS ON PINEAPPLES 

Oontrol measures, of course, are only tentative at this time. Since yel- 
low^ spot on pineapples probably comes from w^eeds affected wdth mosaic, 
clean culture is of prime importance. With this crop thrips do their dam- 

® I Lave since learned that Dr. M. B. Linford, who took over the investigation, eon- 
eurrently reproduced the disease and subsequently has established final proof of its 
relationship to the disease, as reported in the Station's files and in a paper accepted for 
publication in Science as a loreliniinary report. 
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age down in the axils of the leaves. To reach them it is necessary to treat 
only the heart of the plant. Theoretically, the insects conld be kept ont 
with some sort of a mechanical ping. Various substances have been tried, 
including tobacco dust, wheat bran, rice hull, volcanic black sand, etc. A 
deterrent added to these, composed of an oil emulsion with tobacco extract, 
increases efficiency. Dusting sulphur, used with success against thrips in 
California, has good possibilities. The combination of tobacco and sulphur, 
under the trade name Nico-sulfur, is also being tried. Tobacco extract, 
used alone, evidently volatilizes too quickly, for it has not shown results. 

Weather conditions influence greatly the need for control measures. As 
indicated in earlier paragraphs, both heavy rains and droughts appear to 
be fatal to thrips. Natural enemies, too, have an important hearing upon 
their control. In the United States, w^here these have been studied, we 
learn that several species of ladybird beetles and their larvae prey upon 
thrips. The various species of Triphleps also are ivell-kuowm predators of 
these pests. Many other insect enemies, including parasites, have been re- 
corded, but information dealing with them is meager. 

In Hawaii we find Triphleps persequens omnipresent in flowers or any- 
where that thrips congregate. As soon as these bngs become abundant 
in spring, thrips become scarce. Another important predator, everywhere 
in pineapple plants, is the Cueujid beetle, Cryptamor2:>ha dejardinsi Gner, 
Both the adults and their larvae live (deep down) in the axils of the leaves, 
where they prey upon any small insects that come in their way. Without 
such friends the growing of crops would be quite impossible. 

SUMMARY 

A mysterious new disease of pineapples appeared in Hawaii dur- 
ing 1926. It usually ivas evidenced by a breaking-down of the tissues at 
the base of one or more leaves, the stem soon bending over in the direction 
of the injured part; the whole plant eventually succumbing. This led to 
the name side rot. From the subsequent discovery that an initial yelloiv 
spot on one or more leaves usually preceded the rotting at the base, the 
name was changed to yellow-spot disease. 

This disease was most troublesome on newdy planted tops because of 
their open structure. Soon it was found to attack these even while at- 
tached to the fruits. All attempts to control the disease with sprays proved 
futile. 

Each 3 "ear the disease increased, and it spread widely in the Islands. 
During the fairly dry season of 1929 it was more than tenfold what it had 
been in previous years. At that time it was assumed that it might be a 
virus disease. It w^as soon learned that it could not be reproduced by arti- 
ficial means. Then began a search for the vector among the numerous in- 
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sects associated with the plants. Finally, with large numbers of the com- 
mon insects eliminated, the search was narrowed down to one whose 
characteristics, even before its discovery, were sharply defined by histologi- 
cal studies on the part of other workers on the problem. At the time this 
paper was written a species of thrips was a strong suspect. I am informed 
that the final proof of its relationship to the disease has been established 
by Dr. M. B. Linford and has been accepted for publication as a prelimi- 
nary report in Bcience. 

Formerly with the Experiment Station, 

Association op Hawaiian Pineapple Canners, 

Honolulu, Hawaii. 
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BACTEKIA ANTIBIOTIC TO USTILAGO ZBAW 
R.H.Bambeeg^ 

INTRODUCTION 

In tlie spring of 1928 the writer began an investigation of the factors 
affecting the infection of corn plants with TJsiilago zem (Beck.) ling. 
During the course of the field work in the summer of 1928 it became evident 
that young plants seldom became infected and that many older plants 
which had been artificially inoculated failed to become infected. Discolored 
areas often developed near the point of inoculation, when the inoculations 
were made with hypodermic needles. Cultures were made from these dis- 
colored areas, and bacteria were isolated that proved to be decidedly anti- 
biotic to Z7, zeae. Because of the fact that this bacterial culture often 
seemed to prevent infection, even when susceptible corn plants were inocu- 
lated by standard methods with virulent cultures of TJ, zene^ this phase of 
the problem was further investigated. The results are presented in the 
.following pages. 

SOURCES OF CULTURES 

Several cultures of bacteria were isolated in the summer of 1928 from 
corn plants that had been inoculated with TJsiilago zeae but had failed to 
develop smut galls. Instead of smut galls, wdiich usually develop on plants 
inoculated with virulent lines of smut, there were brownish rotted areas on 
the plants around the inoculation courts. The cultures were obtained from 
the inner tissues of these rotten areas. Transfers were made with a sterile 
needle from these diseased tissues to Petri dishes containing 1.5 per cent 
potato-dextrose-agar. Transfers then were made from resulting colonies 
to potato-dextrose-agar slants, and these were used as stock cultures. All 
cultures were grown on potato-dextrose-agar and kept in the laboratory 
at room temperature unless otherwise stated. Cultures B-1, B-2, B-3, 
B-4, B-5, and B-6 were obtained in this way. Other cultures of bacteria 
were obtained from contaminations that appeared in smut colonies that 
developed from chlamydospores taken directly from smut galls. Still others 
were procured from contaminations that appeared in stock cultures in the 
laboratory. Bacterial cultures B-7, B-8, B— 9, B-10, B-11, B— 12, B— 13, 
B-14 and B-15 were obtained in this way. 

1 Paper No. 963 of tlie Journal Series of the Minnesota Agricultural Experiment 
Station. 

2 The writer wishes to express his appreciation for the assistance given hy Dr. E. C. 
Stakman, under whose direction these investigations were made. He also wishes to 
express his indebtedness to Dr. J. J. Christensen for many helpful suggestions and 
criticisms. 
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A combination of 4 monosporidial lines of Ustilago zeae was used for 
all inoculations made on corn. Three of these lines were of one sex and 
one of another, and the combination of these 4 lines had produced heavy 
infection in previous pathogenicity tests. 

Sporidia were obtained by growing the 4 lines of smut on a potato 
decoction containing 1 per cent malt and 1 per cent dextrose. An abun- 
dance of sporidia was produced on this medium. The smut cultures were 
grown separately until they "were to be used. The bacteria were grown in 
a similar medium. They were mixed with the smut cultures by adding 
from 5 to 10 cc. of the suspension of bacteria to approximately 50 ce, of the 
mixture of lines of smut. 

Inoculations on corn plants 8 to 10 inches high were made in the green- 
house hy hypodermically injecting about ^ to 1 cc. of the suspension of 
sporidia or of a mixture of sporidia and bacteria into each plant at each 
of 3 places, namely: (1) at the surface of the ground, (2) about 1 inch 
above the ground line, and (3) about 1-J- to inches above the ground 
line. Most of this inoculum remained between the tightly rolled leaves, 
but some of it was lost by being forced up between the leaves to the outside. 

EFFECT OF ANTIBIOTIC BACTERIA ON CULTURES OF USTILAGO ZEAE 
AND OTHER SMUTS 

Colonies of Ustilago zeae in test-tubes and in Erlenmeyer flasks were 
inoculated, by transferring a small amount of bacteria with a sterile needle 
to a point on the margin of the colony, with bacterial cultures B-1, B-2, 
B-3, B-4, B-5, and B-6. Colonies about 1 inch in diameter were com- 
pletely surrounded by the bacterial growdh in from 3 to 5 days, and the 
further growth of the fungus was stopped. Before inoculation the surface 
of smut colonies was rather dry but became wet and slimy as the bacteria 
grew and spread. The action on colonies of smut appeared to be very simi- 
lar for all 6 of these bacterial cultures. For more intensive study only 1 
culture, B~l, from these isolations was used.^ 

Colonies of Ustilago zeae that had been growing on potato- dextrose-agar 
in 250 cc. flasks for 9 days were inoculated wuth culture B~l. In 6 or 7 
days the cultures of smut iv ere changed from compact colonies that could 
all be lifted from the medium with an inoculating needle to slimy colonies 
of which only a small portion could be. lifted with a needle. The colonies 
of smut were changed to slimy masses wuth very little or no fungus growth 
left. The appearance of the colonies is showm in figure 1. These experi- 
ments were repeated many times and the results were in general always 
the same. 

3 The purity of this culture was not established, but it was turned over to Dr. Delia 
Johnson for further Tvork. 
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Fig. 1. Seventeen- cl ay- old cultures of Ustilago seae growing on potato-dextrose agaj. 

The colony on the right, when 9 days old, was inoculated with bacterial culture B-1. 

Colonies of smut in test-tubes appeared to be affected tlie same as those 
in flasks. Tough cultures of the smut fungus seemed to be almost com- 
pletely dissolYed. When examined microscopically only a very few sporidia 
and segments of mycelium were left in the colonies of TJsiilago zeae that 
had been inoculated with B-1, while in pure cultures of smut of the same 
age there was almost a solid mass of sporidia and mycelium. 

Colonies of TJstilago zeae, approximately 1 to inches long, on agar 
slants were inoculated on the lower margin with B-1 and 4 colonies incu- 
bated at each of the temperatures 10, 15, 20, 25, and 30° C. The bacteria 
were able to destroy the smut colonies at all these temperatures but the 
lytic effect w” as most rapid at 25° and 30° C. Figure 2 show’s the average 
rate of advance of the bacteria through the fungus colonies. 

Colonies of TJsiilago zeae on agar slants w^ere also inoculated wuth bac- 
terial cultures B-7, B-8, B-9, B-10, B-11, B-12, B-13, B-14, and B-15 to 
determine the effect of these other bacteria on the growth of smut colonies. 
Four of these bacteria greatly retarded or prevented further development 
of the colonies of smnt, hut none caused such complete dissolution as did 
B-1 and the other cultures from the same source. Colonies of 17. zeae 
inoculated with the other 5 bacteria continued to grow normally and in- 
crease in size, although culture B-11 seemed temporarily to delay the de- 
velopment of a young culture of smut, which later developed normally. 

These results indicate that some bacteria completely prevent growth of 
Ustilago zeae on solid culture media and may even destroy fully developed 
colonies, while other bacteria have no appreciable effect. 

Cultures of Ustilago zeae 6 days old, growung in malt-dextrose-potato 
decoction, were inoculated with B-1. At the time of inoculation, mounts 
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Pig. 2. The effect of temperature on the rate of growth of bacterial culture B-1 on 
colonies of Vstilago zeae, as measured by the length of the bacterial 
colonies at different intervals of time, 

of the sporidial suspension were examined under the microscope. A large 
number of sporidia were found in all the flasks. Ten days later the flasks 
inoculated with B— 1 contained a much smaller number of sporidia of 
U. zeae than did the flasks which contained the pure cultures of TJ. zeae. 
These experiments were repeated a number of times, with the same general 
results. There might have been two reasons for the smaller number of 
sporidia in the flasks inoculated with the bacteria: (1) direct action of the 
bacteria on the sporidia, resulting in their disintegration, and (2) produc- 
tion of an environment unfavorable to the development of the smut fungus. 

In order to determine w'hether the bacteria were directly responsible for 
the disintegration of the sporidia a large number of hanging drops of a 
sporidial suspension of Ustilago zeae were set up in van Tieghem cells and 
inoculated with B— 1. Other drops in cells on the same slides were set up 
and left uninoculated as checks. The sporidia in these hanging drops were 
observed through the microscope at freQtuent intervals. After about 24 
hours the number of sporidia in the drops not inoeiilated with the bacteria 
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was considerably greater than in the inoculated drops. After about 36 
hours a mass of new sporidial growth was clearly visible with the naked eye 
on the surface of drops not inoculated with B-1, while no such growth could 
be seen on any of the drops inoculated with B-1. Instead of an increase 
in the number of sporidia in the hanging drops inoculated with B-1 there 
was a rather rapid decrease in most cases. With this decrease in number 
of sporidia what appeared to be particles of disintegrated sporidia could 
be seen in some of the drops that had been inoculated with B-1. These 
particles w^ere irregular bodies of no definite shape, usually larger than 
the bacteria but smaller than the sporidia. Similar particles could not be 
seen in any of the drops not inoculated with B-1. 

Since the bacteria had a marked antibiotic effect on cultures of corn 
smut, an attempt w^as made to determine the effect of one of these cultures 
on some other smuts. Five colonies of Usiilago avena& and 2 of 17. levis in 
test-tubes were inoculated with B~l. Seven days after inoculation all 
growth apparently had been stopped. In 4 weeks the tough mycelial colo- 
nies w^ere changed to a rather slimy mass and the dissolution seemed almost 
as complete as in the case of U. zme. 

The inoculations of Ustilago avenae and U. levis were repeated, using 3- 
day-old colonies of both smuts. Pour cultures each of 2 forms of O', avenae 
and 1 form of Z7. levis were inoculated with B-1, and 2 cultures of each 
were used as controls. The colonies used as controls continued to develop 
rapidly, but those inoculated with B-1 were reduced to a slimy mass in 
5 days. 

Inoculations of B-1 on Sorospormm reiliannm (Eiihn) McAlp. and 
Tilleiia tritici (Bjerk.) Wint. indicate that the bacteria are destructive to 
colonies of S. reiliamim and very injurious to the growth of T. tritici. The 
colonies of S. reiliamim seem to be dissolved fairly readily. Colonies of 
T. tritici were prevented from further growth, but dissolution of the colony 
took place very slowly. This may have been because the colonies were very 
old and tough before they were inoculated with B-1. 

The effect of the l^acteiHa on infection of corn with Ustilago zeae. Lab- 
oratory investigations indicated that the growth of Ustilago zeae in pure 
culture "vvas greatly retarded or prevented by certain cultures of bacteria 
and that the sporidia were disintegrated by them. Therefore, experiments 
were made in the greenhouse to determine the possible effect of the bacteria 
on the infection of corn plants by U. zeae. Sporidial suspensions of 4 
monosporidial lines of U. zeae were grown separately in flasks containing 
malt-dextrose-potato decoction. These monosporidial lines were mixed to- 
gether by straining into a large flask through cheesecloth to remove any 
material that would not pass through a hypodermic needle. This mixture 
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of smut lines was then cliyided into 2 equal parts and a suspension of B-l 
in tlie same kind of medium added to one half at the rate of 1 part of bac- 
terial suspension to 2 parts of smut inoculum. Another type of inoculum 
used was a mixture containing the same 4 monosporidial lines of smut and 
bacterial culture B-11. Treatments with distilled water were made as con- 
trols. 

On November 3, 1928, a number of plants of Golden Bantam corn, 8 to 
10 inches high, growing in beds of soil in the greenhouse, were inoculated 
with each of the different kinds of inoculum given in table 1. Notes, as 
summarized in table 1, were taken on November 23. 


TAELE 1 . — The efeet of laeterial cultures B-l and B-11 on the develop meiit of smut 
in corn plants inoculated with Ustilago seae 


Material injected 

Nnmher of plants 

Percentage 
of infection 

Inoculated 

Infected 

Distilled water 

95 

0 

0 

Pour monosporidial lines of 17. seae 

104 

75 

72.1 

Pour monosporidial lines of 17. seae plus B-ll«'i 

103 

74 

71.8 

Pour monosporidial lines of U. zeae plus B— 1 

102 

8 

7.8 


a In this case hacterial culture No. B-11 was grown in association with 1 mono- 
sporidial line of the corn smut. 


Tw'o plants inoculated with Ustilago zeae and B-1 were decayed in the 
bud, very much like those from which the bacteria were first isolated. Sev- 
eral isolations of bacteria were made from these 2 plants. These appeared 
to be the same as the original cultures used as inoculum. Colonies of U. 
zeae in test-tubes inoculated with these reisolated bacteria "were destroyed. 

Further inoculations were made into Gehu Flint corn on February 18, 
1929, using only the 4 monosporidial lines of Ustilago zeae and the 4 lines 
plus B-1. Notes were taken March 3. The results, given in table 2, are 
similar to those for the previous inoculations. 


TABLE 2 .- — The effect of h act erial culture B~1 07i the development of smut in corn 
plants inoculated with Vstilago seae 


Inoculum 

Number of |)laiits 

Percentage 

Inoculated 

Infected 

of infection 

Pour monosporidial lines of U, zeae 

55 

29 

52.7 

Pour monosporidial lines of 17. zeae plus B—1 

105 

8 

7.6 
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Tables 1 and 2 show rather conclusively that, when B-1 is mixed with 
the smnt at the time of inoculation, the .percentage of infectioii ly Ustilago 
zeae is greatly reduced. Table 1 further shows that certain other bacteria, 
such as culture B-11, did not reduce the amount of infection. 

In order to determine the effect of the bacteria on the development of 
the smut when injected into the plant at times other than that of inocula- 
tion with Ustilago zeaCj a series of inoculations with bacteria was made be- 
fore and after the time of injection with the suspension of sporidia. The 
first inoculations with baeteria were made 5 days before those with the 
smut. When B-1 and U. &eae were injected the same day the suspension 
of bacteria and sporidia were mixed together before injection. Eeadings 
on infection percentages were made April 7, 1929. The results of the in- 
oculations are given in table 3. 

There were 3 rather distinct types of infection and the percentage of 
each caused by the different kinds of inoculum is given separately. In 
some plants there w^as either chlorosis or red coloration of the leaves -with- 
out the formation of definite galls or warty thickenings on the leaves. 
Plants having this type of infection were classed under ''chlorosis or an- 
thoeyanin coloring.” In some there were wart-like thickenings on the 
leaves or sheaths. Bounded galls with spores had not fully formed. These 
were classed as "incipient galls.” Under "large galls were placed those 
plants that had well-formed galls containing spores. 

These results indicate that the effect of B~1 on the development of Usti- 
lago zeae in the host is more pronounced w^hen injected into the plant at 
the same time as the smut but that a considerable influence of the bacteria is 
retained wdien they are injected for at least 3 days prior to inoculation with 
smut. Apparently, the amount of infection is significantly reduced w^hen 
the plants are injected -with B-1 1 and 3 days after inoculation -with smut. 
This is especially true if one considers the severity of infection as indicated 
by the size of galls and extent of chlorosis. 

Even after smnt galls have attained considerable size they may be dis- 
integrated by the action of the bacteria and prevented from forming spores. 
Thirty or more galls | inch to | inch in diameter were inoculated on the 
plants by injecting a small amount of bacterial suspension into them with 
a hypodermic needle. Almost all the galls dried up after 2 weeks, without 
producing clilamydospores. Forty other galls, about the same size as those 
inoculated w-ith B-1 on the plants, were placed in Petri dishes wdth por- 
tions of the host plants attached. Two large galls w^ere put in each Petri 
dish. One wms inoculated with B-1 by pricking with a needle which had 
been dipped into a colony of the bacteria; the other was pricked with a 
sterile needle. In 24 hours a slimy exudate came from 2 of the inoculated 



888 


Phytopathology 


[VoL. 21 


TABLE 3. — The effect of inoculating corn plants loith Ustilago sem at (lifferent periods 
, q^ier the plants had heen inoculated with hacterial culture and at different 
periods preceding the hacterial inoculations 


Inoculations 

Plants 

inocu- 

lated 

Total 

infections 

Plants with 

Inoculum 

Date 

Chlorosis 
or antho- 
eyanin 
coloring 

Incipient 

galls 

Large 

galls 



Ho, 

Per cent 

Per cent 

Per cent 

Per cent 

B-1 

March 18, 1929 






U. zeae 

March 23, 1929 

101 

79.2 

22.8 

28.7 

27.8 

B-1 with 







U. zeae 

March 23, 1929 

106 

56.6 

35.8 

12 2 

8.4 

B-1 with 







TJ. zeae 

March 23, 1929 

102 

48.0 

40.2 

6.8 

.9 

V. zeae i 

March 23, 1929 

118 

90.6 

33.9 

27.1 

29.6 

V. zeae 

March 23, 1929 

103 

81.5 

20.4 

21.3 

39.8 

TJ. zeae 

March 23, 1929 






B-1 

March 24, 1929 

122 

73.7 

37.7 

18.8 

17.2 

V. zeae 

March 23, 1929 




1 


B-1 

March 26, 1929 

116 

68.1 

31.9 

22.4 

13.8 

V. zeae 

March 23, 1929 






B-1 

March 28, 1929 

113 

77.0 

30.9 

26.5 

19.4 

V. zeae 

March 23, 1929 






B-1 

March 30, 1929 

106 

83.9 

23,5 

26.4 

34.0 


galls. In 4 days all of the galls inoculated with B-1 were almost com- 

pletely disintegTated. 

These investigations with Ustilago zeae in culture and in tlie host plant 
have shown rather conclusively that certain cultures of bacteria, and 1 cul- 
ture in particular, designated B— 1 for convenience, in some way have a 
deleterious effect on the development of the smut both in cultures and in 
the host. An attempt was made to determine whether it was the direct 
effect of the bacteria on the smut fungus or the effect of some by-product 
of the metabolism of the bacteria. Two cultures of the bacterium, B-1, 
grown on malt-dextrose-potato decoction, 1 for 4 and the other for 7 daysi 
were filtered through sterile Berkefeld filters (medium). Coloiries of V. 
zea-e in test tubes to which a loop of the filtrate was transferred continued 
to grow apparently the same as control colonies to which no filtrate had 
been added. No growth appeared on agar slants to which loops of the fil- 
trate were transferred. Part of the filtrate was poured into a mixture of 
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sporidia of 4 lines of U. seae at approximately the ratio of 1 part of the 
filtrate to 4 parts of the sporidial suspension, and the whole allowed to 
stand 24 hours. Table 4 gives the results of the inoculation of plants with 
this mixture as compared with inoculation with the same lines mixed with 
B-1. Apparently, there was nothing in the filtrate which inhibited or re- 
tarded the development of U. zeae. 

Antibiosis between microorganisms has been observed by many workers. 
A general review of the literature dealing with the phenomenon, given by 
Buchanan and Fulmer, “ indicates that the action is quite variable. This 
aspect of the problem will be considered in more detail in a paper by Delia 
J ohnson. 

TABLE 4 . — The Ineffectiveness of a sterile filtrate from B—1 on the development of 

XJ. seae 

Inoculum 

U. ^eae -H filtrate from B~1 
TJ. seae H- B-1 

DISCUSSION AND CONCLUSIONS 

Certain enltnres of bacteria were found to inhibit the development of 
Ustilago zeas. Experiments proved that these bacteria were capable of 
preventing' the multiplication of sporidia of U. zeae and of destroying colo- 
nies of 17. zeae and of some other smuts already formed in culture. The 
wide-spread distribution of such bacteria may serve as an important check 
on the multiplication of inoculum in the soil. 

A culture of bacteria which prevented the growth of Ustilago zeae in 
culture also greatly reduced the percentage of smut infection when injected 
into the host along ivith the sporidial suspension. In one of the patho- 
genicity tests the percentage of infected plants was 72.1, where a combina- 
tion of 4 monosporidial lines of smut ivas used as inoculum, in contrast to 
7.8 where the same combination of smut lines mixed with the bacteria w^as 
used. The fact that certain bacteria do prevent smut infection of corn 
plants to a great extent may account for many of the irregularities ob- 
served in the percentage of infection resulting from artificial inoculations, 
It may also account for many of the variations in the amount of smut oc- 

4 Buchanan, B. E., and Ellis 1. Fulmer. Physiology and hi ocheinistry of bacteria. 
Vol. Ill, 575 pp. Williams and Wilkins Co., Baltimore. 1930. 


Plants inoculated 

Infections 

No. 

Per cent 

37 

72.9 

33 

0 
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curriiig under natural conditions in different fields in tlie same year and 
in tlie same field in different years. 

Tte destructive aetioii of such, bacteria as were found to destroy smut 
galls already formed on corn plants may account for the disappearance of 
smut on corn plants in the field. The presence of such bacteria also may 
account for the appearance of abortive galls often observed. Corn smut, 
attacked early in its development on the host, may fail to develop normally. 

SUMMARY 

1. Ten cultures of bacteria were found to have a deleterious effect upon 
the development of Usiilago zeae in culture, while 5 others had no observ- 
able like effect. 

2. Sporidia of TJ. zeae apparently failed to multiply in the presence of 
a culture of bacteria isolated from corn plants which failed to produce galls 
when inoculated with TJ, zeae. 

3. Evidence of disintegration of sporidia by the bacteria was obtained. 

4. A combination of monosporidial lines of TJ. zeae was made less viru- 
lent in its attack on the host by the association with these bacteria. 

5. The injurious effect of the bacteria on the development of the smut in 
the host persisted when injected into the corn plant at least 3 days before 
inoculation with TJ. feae. Apparently, the bacteria were able to live in or 
on the corn plant at least that long. 

6. The virulence of the smut seemed to be significantly reduced even 
when the bacteria were injected into the plants as much as 3 days after 
inoculations with smut. 

7. Smut galls were disintegrated and spore formation was prevented 
even after distinct galls more than i inch in diameter had been formed. 

8. The destructive action seems to he directly associated with the pres- 
ence of the bacteria, as the filtrate from cultures of the bacteria had no 
appreeiable effect on colonies of smut in culture or on the development of 
smut galls in inoculated plants. 



FIELD STUDIES ON THE EIN&-SPOT DISEASE OF BUELEY 
TOBACCO IN WASHINGTON COUNTY, VIRGINIA^ 

S . B . P E N N E 2 
INTRODUCTION 

Tobacco ring spot is a virus disease that is becoming more and more 
prevalent in the State every year. In 1917, ivhen the disease was first 
observed by Fromme and Wingard, it was considered of minor impor- 
tance. Infection at that time was observed on only an occasional plant in 
a field and the crop loss was negligible. The amount of infection, however, 
has increased from year to year until now it is not uncommon to find fields 
in which 90 per cent of the plants are infected. 

The writer studied this disease under field conditions in 10 counties of 
the State during the summer of 1927 and made a special study of it on 
Burley tobacco in 'Washington County during the seasons of 1928, 1929, 
and 1930. The disease was first described and illustrated as ring spot by 
Fromme and AYingard.^ 

Fromme, 'Wingard, and Priode^ recorded ring spot in 11 counties in 
Virginia. They proved that the ring-spot disease was infectious and con- 
cluded that it should be classed with the virus diseases. Wingard^ re- 
ported that the ring-spot virus had a very wide host range, although it was 
very specific in its infective properties, since many plants that were in- 
oculated failed to develop the disease. He was the first to find natural 
ring-spot infection on any plant other than tobacco. Repeated inoculations 
on tobacco, with expressed juice from sweet clover, produced typical ring- 
spot symptoms. 

MATERIALS AND METHODS 

To determine if certain weeds w^ere harboring the ring-spot virus, sus- 
pected plants growing in or around the plant beds and fields were sent to 
Dr. Wingard at the Virginia Agricultural Experiment Station for inocula- 
tion tests on healthy tobacco plants. 

1 Coixdeiased from a thesis presented to the Department of Botany and Plant 
Pathology of the Virginia Polytechnic Institute in partial fiiMllment of the requirement 
for the degree of Master of Science. 

2 The writer is particularly grateful to Dr. S. A. AVingard, under wdiose direetion 
this work was done, for correcting the manuscript and for invaluable suggestions, advice, 
and encoiirageinent. 

3 Promme, P. D., and S. A. Wingard. Blackfire or angular leaf -spot of tobacco. 

Va. Agr. Exp. Sta. Tech. Bill. 25. 1922. 

4 Promme, P. D., S. A. Wingard, and C. N. Priode. Bing-spot of tobacco, an infec- 
tious disease of imkiiowii cause. Phytopath. 17: 321-328. 1927. 

5 Wingard, S. A. Hosts and symptoms of ring-spot, a virus disease of plants. 

Jour. Agr. Ees. 37: 127-153. 1928. 
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Tlie insects studied were secured from the writer’s vegetable garden 
and placed on ring-spot-infected tobacco plants in cages and left for dif- 
ferent periods of time. They were then transferred to caged healthy 
tobacco plants. Tobacco flea beetles, Epitrix parviila Fabr., were secured 
from tobacco plants. Potato or cucumber flea beetles, Epiirix c%icimieris 
Harr., and leaf hoppers, Empoasca fahae Harr., were secured from potatoes. 
Aphis, Macrosi2:}huni solanifolii Ashm., were secured from potatoes and 
clover. The tobacco worm, Fhlegeihontnts qiiinquemaculaia Haworth, and 
the firefly, Photimis sciniillans Say, were found on tobacco plants. The 
insect catcher described by KunkeP was used. 

The extent of injury to atfected plants was determined by counting and 
measuring the leaves on diseased and healthy plants at topping time. The 
quality of the leaf also was taken into consideration. Numerous inspections 
and field counts of affected plants gave the number of plants diseased. 
The total loss to the county was estimated by multiplying the average extent 
of injury to the individual plant by the total percentage of affected plants. 
Judy’s Pride, Kelley’s, and Lockwood varieties of tobacco were used in all 
experiments conducted in Washington County. 

EXPERIMENTAL RESULTS 

Since ring spot is becoming of such great economic importance and so 
little is known regarding it, experiments were undertaken in an effort to 
determine the source of inoculum, means of dissemination of inoculum, the 
rate of spread of disease in the field, the extent of injury to affected plants, 
the percentage of plants affected, and the loss to the county. 

SOURCE OF INOCULUM 

Four possible sources of inoculum suggested themselves: (1) seed, (2) 
insect vectors, (3) weed hosts, and (4) soil. 

Seed: In studying the possibility of the transmission of ring-spot virus 
by tobacco seed, plant beds in 6 counties in Virginia were inspected in 
1927. In only 3 plant beds in 1 county was ring spot found, and this was 
late in the season, after all transplanting had been completed. Therefore, 
it is safe to assume that the infection did not necessarily originate within 
the plant bed. 

In 1928, 1929, and 1930, close observation was kept on seed beds in 
Washington County. They were visited at short intervals until transplant- 
ing time. In 1928 and 1929, no ring-spot infection was found in the plant 
beds. In 1930, however, plant-bed infection was observed in 10 per cent 
of the beds inspected in Washington County. This observation was sur- 
prising, since plant-bed infection had been regarded as very rare up to 
that time. During the same season, however, plant-bed infection w^as re- 

sKimkel, L. 0, Studies on aster yellows. Anier. Jour. Bot. 13: 646-705. 1926, 
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ported by Godkin'^ in one otlier comity in Virginia and by Valleau® in 
Kentucky. 

This opens up a new problem formerly thought settled. Did the plant- 
bed infection arise from infected seed, or were the young plants inocu- 
lated by some insect that carried the inoculum from near-by weed hosts, 
which were in all cases very abundant? 

Insect studies: Because of the similarity between ring spot and certain 
insect-borne virus diseases, it was thought advisable to study certain insects 
as possible vectors of the ring-spot virus. The tobacco flea beetle attacks 
tobacco plants both in the plant bed and in the field. For this reason it 
was looked upon as a possible disseminator of the ring-spot virus. On 
June 11, 75 flea beetles were collected from healthy tobacco plants and 
placed in cages on ring-spot-affected tobacco plants. On June 22, 15 of 
these beetles w^ere transferred to 2 healthy tobacco plants in an insect-proof 
cage. On June 24, 30 more of these beetles w^ere removed and placed on 
healthy tobacco plants in insect-proof cages. In this case 15 beetles were 
placed on each of 2 plants in separate cages. On July 6, the beetles w^ere 
alive and thrifty, but no ring-spot infection had developed. On August 2, 
the plants were normal and free from ring spot. 

On July 4, 15 flea beetles w^ere transferred from ring-spot-infected 
tobacco plants in the field to a healthy tobacco plant in an insect-proof cage. 
This plant was examined on August 24 and found to be normal in appear- 
ance. On July 5, 15 flea beetles that had fed on diseased tobacco plants 
for 25 days were transferred to a caged healthy tobacco plant. On August 
24, no ring spot had developed. These experiments seem to show that the 
ring-spot virus is not transmitted by tobacco flea beetles. 

On June 11, 75 potato flea beetles 'were collected from potato plants and 
placed in an insect-proof cage on ring-spot-infected tobacco plants. On 
examination, 8 days later, all of these beetles were dead. 

On June 19, 50 adult and nymph aphids, Macrosvplvimi solamfoli% were 
placed on diseased tobacco plants in an insect-proof cage. Seven days later 
all aphids Avere dead. Apparently, tobacco is not a favorable host for these 
aphids. 

On June 11, 5 tobacco worms were placed in a cage on an infected plant. 
On July 4, these worms were transferred to a healthy caged plant. On 
August 24, no ring spot had developed. 

On June 24, 50 leaf hoppers were placed on diseased tobacco plants. 
On Jnly 4, 10 days later, all leaf hoppers were dead. On July 4, 15 leaf 

'i' Groikiii, James. Tobacco plant bed survey in Virginia. IT. S. Dept. Agr., Bur. 
PI. Indus. Plant Disease Eeporter 14; 121. 1930. 

8 Valleau, W. D. Tobacco seed beds in Kentucky U.S. Dept. Agr., Bur. PL Indus. 
Plant Disease Keporter 14: 113. 1930. 
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hoppers were transferred from potatoes in the field to a healthy tobacco 
plant ill a cage. On August 2, these leaf hoppers also were dead and no 
infection resulted. 

It seems that some strong flying insect might be responsible for dissemi- 
nating ring spot since infection was first obseryed in scattered parts of the 
fields with apparently no relation to earlier affected plants. The only 
strong flying insects observed on tobacco w^ere the common fireflies, but in 
iny cage experiments they died after a few days’ conflnement. 

Weed liosU: Many perennial w^eeds have been found susceptible to the 
ring-spot disease and many of them, such as the horse nettle and pokeweed, 
are common in and around tobacco fields. In order to determine wdiether 
such plants harbored the virus, suspected specimens were sent to Dr, Win- 
gard to be used as inoculum on healthy tobacco plants. Sweet clover, Meli~ 
lotus alba Desr., on several occasions, produced typical ring-spot symptoms 
when inoculated on healthy tobacco plants. In July, 1929, the writer sent 
Dr. Wingard several suspected weeds in which w^ere included stick -weed or 
yellow^ crown beard, Yerbesina alternifoUa Britton. Healthy tobacco 
plants w^ere inoculated with the expressed juice from this plant. Nine 
days later very distinct ring-spot infection wms found on the inoculated 
plants. The stick weed was slightly yellowush wfith the upper leaves dis- 
torted, and rosette-like. No unusual spotting on the leaves was noticeable. 
Stick weed has since been found by the writer to be a common carrier of 
the ring-spot virus. 

Other plants sent to Dr. Wingard were: prickly lettuce, Laduca 
virosa L. ; broad leaf plantain, Plantago major L. ; burdock, Arcfdum lappa 
L. ; pokeweed, Phytolacca decandra L. ; milkweed, Asdepias sp.; European 
bittersweet, Solamim dulcamara L. ; smart weed, Polygonum sp. ; lamb’s- 
quarters, Chenopodinm album L. ; broad-leaf dock, Rumex obtusifoUus L. ; 
button weed, Malva rotundifolia L. ; Jimson Aveed, Datura stramonium Jj.; 
red clover, Trifolium pratense L. ; mammoth clover, Trifolium medium L. ; 
alsike clover, Trifolium hybridum L.; and white clover, TiufoUum 
repens L. 

These plants were sent in at different periods of the year*, and some 
species at several different times. Suspected plants, not only from Wash- 
ington County but also from Halifax, Amherst, Nelson, Appomattox, Pitt- 
sylvania, Mecklenburg, Charlotte, Brunswick, Dinwiddie, and Montgomery 
counties were used. Negative results were obtained in every case in these 
tests. 

Soil: An experiment was conducted on a large scale on one farm to 
determine whether the plant-bed soil could transmit the disease. Five hun- 
dred square yards of plant-bed soil were thoroughly steam sterilized. As 
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a result, the plant beds were very clean and free from weeds. Tlie plants 
were very thrifty and vig-orons. Nevertheless, 30 per cent of the plants in 
fields set from this plant bed developed ring-spot infeetioii. This seems to 
prove conclusively that the ring-spot infection in this case did. not originate 
in the plant-bed soil. 

RATE OP SPREAD IN THE FIELD 

After tobacco is set in the field it has been noticed that in some instances 
a very rapid spread of ring spot occurs. In order to study the rate of 
spread in the field, inoculations were made in 7 fields and observations made 
on the rate of spread of infection, at 10-day intervals, through the ^^rowing 
season. 

In each case a single tobacco plant was inoculated with the virus, typical 
ring-spot lesions appeared in every case on the inoculated plants, and the 
infection became systemic, with all leaves showing symptoms of the 
disease. 

In some cases ring spot was observed in various parts of the field the 
following day ; but, in other cases, it was not observed until 20 days later. 
In some fields it was fonnd in close proximity to the inoculated plant and 
in other cases the infection was first noted in remote parts of the field. 
Affected plants were observed in a very irregular order with apparently no 
relation to the plant originally inocnlated. It, therefore, seems that the 
infection came from some other source, such as weed hosts. Various kinds 
of weeds were present in great abundance, surrounding every field in which 
a spread of luiig-spot infection was noted. 

PERCENTAGE OP PLANTS AFFECTED 

One hundred and seventy-one fields in 10 counties and 49 plant beds 
in 6 counties were inspected in 1927. An average of 2.5 per cent ring-spot 
infection was found in the 171 fields observed. In 1 field in Brunswick 
County ring spot occurred on 75 per cent of the plants. 

Fifty representative tobacco fields were examined in 1928 in ‘Washing- 
ton County. Ring spot was found in 46 of these. An average of 3 per 
cent infection -was recorded for that year. 

One hundred tobacco fields in different parts of the county were in- 
spected in 1929. Only 2 small fields were found that did not contain ring 
spot. Many fields were found with from 50 to 90 per cent infection, hut 
the majority contained from 2 to 12 per cent, with an average of 7.6 per 
cent. The highest percentage of infection was found in the middle of the 
growing season, when the plants were about a foot high. At topping time 
the ring-spot symptoms had been masked on about 50 per cent of the 
affected plants in most fields. 
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EXTENT OF INJURY TO THE AFFECTED PLANTS 

It is very important to know the extent of injury to affected plants by 
ring spot; therefore, the leaves on 20 healthy and 20 diseased plants were 
measured at topping time. The number of leaves, the dimensions of the 
leaves, the extent of tissue injury, and the quality of the leaves on each 
plant were determined. The results of this study are shown in table 1. 

TABLE 1 . — Average sise of leaves on healthy and diseased ylants 


Healthy plants 

Diseased plants 


Average leaf 


Average leaf 

Plant No. 

dimensions 

Plant No. 

[liinensions 


in inches 


in inches 

1 

27 X 13 

1 

19 X 8 

2 

27x 14 

2 

20 x 9 

3 

23 X 9 

3 

17 X 9 

4 

27x 11 

4 

25 x 12 

5 

27 x 13 

5 

28x 11 

6 

27x 12 

6 

23 x 11 

7 

25 X 12 

7 

23 x ID 

8 

22x 11 

8 

19 X 7 

9 

28x13 

9 

26 X 12 

10 

24 X 10 

10 

24 X 10 

11 

21 X 12 

11 

23 X 8 

12 

26x 11 

12 

24x ID 

13 

28x13 

13 

25 X 11 

14 

27x14 

14 

20 X 8 

15 

23x11 

15 

21 X 9 

16 

25 X 12 

16 

25 X 8 

17 

23 X 12 

17 

15 X 6 

18 

26 X 11 

18 

17 X 8 

19 

24x 10 

19 

17 X 6 

20 

27x12 

20 

20 X 7 

Average— 25 x 12 

Average- 

21.5 X 9 


A study of the data tabulated above shows that the leaves of the dis- 
eased plants are 15 per cent shorter and 25 per cent narrower than those 
of the healthy plants. From these data it is estimated that ring^ spot 
caused 38 per cent injury to the affected plants in the reduction of the size 
of the leaf. In addition to the loss in size, the average number of leaves 
per plant was 2.25 less for the affected ones. The healthy plants averaged 
14.75 leaves per plant and the diseased ones averaged only 12.5 per plant. 
This shows a 15 per cent rednetion in the number of leaves per plant. Since 
ring spot caused 15 per cent reduction in the number of leaves per plant 
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and also 33 per cent reduction in the size of the leaves, there vns a total 
loss of 43 per cent per plant caused by this disease. There was also con- 
siderable tissue injury to the leaves on the affected plants. 

TOTAL LOSS FOR WASHINGTON COUNTY IN 1929 

The total loss for Washington County was found by multiplying the 
average extent of injury to the plant by the percentage of plants affected. 
According to the records, 7.6 per cent of all the plants in the county wwe 
affected with ring spot, and the value of the affected plants w^as reduced 
43 per cent. The total loss for the county, therefore, was 43 per cent of 
7.6, or 3.26 per cent of the entire crop. 

It is estimated that in 1929 2,500 acres of tobacco V'cre grown in Wash- 
ington County and that the average production was 1,050 pounds per acre. 
The average price paid for Burley tobacco on the Abingdon market was 32 
cents per pound. Therefore, the total crop produced was 2,652,000 pounds 
and the loss due to ring spot about 85,575 pounds. This makes a loss of 
$27,384.00 to the farmers of Washington County as a result of the ring- 
spot disease, in 1929. 

DISCUSSION OF RESULTS 

The writer’s observations in 11 of the leading tobacco counties of Vir- 
ginia, representing all types of tobacco grown — ^Burley, flue-cured, fire- 
cured, and sun-cured — ^lead him to believe that the ring-spot virus is not 
any more virulent for one type or variety of tobacco than it is for another 
but that all types are about equally susceptible. It has been shown by 
Wingard® that the ring-spot virus in expressed juice does not remain viru- 
lent for more than 24 hours at ordinary temperatures. It does not seem 
possible, therefore, for the virus to be carried over in the plant-bed soil or 
old tobacco or other plant refuse. 

As reported above, various plants and weeds w’ere closely observed in 
an attempt to determine which were capable of harboring the ring-spot 
virus. Twenty-five different species of plants were sent to the State Agri- 
cultural Experiment Station for inoculation tests with tobacco. Sweet 
clover and stick weed were the only plants found to be naturally infected 
with the ring-spot virus. 

It seems that some insect must be responsible for transmitting the ring- 
spot virus from affected w^eed hosts to tobacco ; however, results were not 
obtained to support this hypothesis. Further study along this line under 
varying conditions is urgently needed. 

The masking of the symptoms of this disease is shown to a very strik- 
ing degree. Fields were observed in the middle of the growing season to 

9 Loc. cit. : See footnote 5. 
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be badly affected with ring spot and, in one case, as much as 90 per cent 
inf ection -was found earlier in the season. Later in the season, about top- 
ping time, the symptoms became masked to such a degree that it was diffi- 
cult to locate them and, finally, many disappeared altogether. The field 
that showed 90 per cent infection on July 3 showed only 35 per cent infec- 
tion on August 3. In another field, where counts were made on July 3, 
75 per cent infection was noted. On August 3, the infection had become 
masked to such an extent that only 30 per cent of the plants showed symp- 
toms of ring spot. A similar change w^as seen in practically every case. 
The masking of the ring-spot symptoms is very interesting. It occurs both 
in the field and under greenhouse conditions. 

The extent of injury to plants was rather difficult to determine because, 
even though the plant may have had the disease and shown typical mark- 
ings early in the season, at topping time and later, when these studies were 
made, the symptoms in many cases had completely disappeared. It could 
not be definitely determined whether certain plants were dwarfed as a re- 
sult of ring spot or because of some nutritional disturbance. However, 
measurements were obtained 'svhich give a fairly accurate idea of the in- 
jury caused by the disease. There may be considerable injury not notice- 
able in the weight and quality of the leaf; and, consequently, the injury 
due to stunting may be greater than the writer’s studies actually indicate. 

For 2 consecutive years the sales of ring-spot-affected tobacco have been 
closely observed on the warehouse floors. Due to the masking of symptoms 
previous to cutting, it was very difficult to find any evidence of the ring- 
spot disease in the cured leaves, known to be severely affected during the 
growing season. There apparently was no reduction in the price paid for 
such affected tobacco, although there undoubtedly -was a considerable re- 
duction in the weight of leaves. Therefore, the total receipts for the crop 
were considerably less. If the tobacco had been sold in the field before 
cutting, the buyer most probably w’ould have cut the price on the affected 
tobacco to a considerable extent,, owing to the very conspicuous nature of 
the ring-spot symptoms. 

SUMMARY 

1. Steam sterilization of tobacco-plant beds did not prevent ring-spot 
infection in the fields planted from these beds. 

2. Negative results were obtained in all cases in attempts to transmit 
ring-spot virus by means of tobacco flea beetle, cucumber flea beetle, leaf 
hopper, aphis, firefly, and the tobacco horn worm. 

3. Stick weed, Verlesim alt ernifolia^ and sweet clover, Meliloius alba^ 
were found naturally infected with ring spot. Infection was readily ob- 
tained on tobacco with the expressed juice from these plants. 
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4. Twenty-five other species of weeds were tested for ring fspot, rvith 
negative results. 

5. The percentage of ring-spot infection in 10 counties in Virginia in 
1927 was 2.5 per cent. In "Washington County, in 1928, it was 3 per cent 
and, in 1929, 7.6 per cent. 

6. There was an average injury of 43 per cent to the affected plants. 

7. It is estimated that ring spot caused a total loss of $27,384.00 in 
Washington County, in 1929. 




THE EELATION OF CANKER TREATMENT TO FIRE-BLIGHT 

CONTROL 

•T . A . M C C L: I N T 0 C K 

It lias long* been accepted that blossom-visiting* insects plaj an import 
tant part ill disseminating the fire-blight organism, Bacillus amylov or us 
(Burr.) Trev. Keeently, however, the work of Miller (2) and Tullis (5) 
indicates that this organism can be spread by rain without the aid of 
insects. An example of this type of dissemination is illustrated by figure 1, 
in w^hich the upper apple branch was naturally infected with blight in 1929. 
In the spring of 1930 bacteria escaped from this 1929 infection and w^ere 
w^ashed by rain to the new^ growth on lower limbs, wdiere they subsequently 
infected both leaves and shoot tips. Numerous cases of this type of infec- 
tion from hold-over cankers w^ere observed in 1930. Such infections indi- 
cate the importance of meteoric w^ater in spreading blight bacteria from 
old bark lesions to new growdh nearer the ground. But meteoric water 
alone could not account for the epiphytotics of blight, especially blossom 
blight, wdiich have occurred in Tennessee during the past 2 years. There- 
fore, it must be concluded that blossom-visiting insects are still the most 
important factor in wude dissemination of fire-blight bacteria. 

The W'Ork of Kosen (3) gives further evidence that bees are a factor in 
harboring and spreading the fire-blight organism. The findings of Thomas 
(4) offer a concrete explanation of the fact that a few^ pear trees wuth their 
blossoms blighted early in the spring serve as centers for infesting bees 
which spread the bacteria to entire apple orchards when these bloom some 
w^eeks later. Even though he succeeded in obtaining virulent blight bac- 
teria from the surface of honeycomb after 55 days, Thomas (4) expresses 
doubt that such bacteria w^ould have lived over wdnter in that wmy. The 
conclusion is that hold-over cankers are one of the most important known 
means by wdaich Bacilhis mnylovorus lives from fall to spring. 

It is generally agreed that the fire-blight organism may overwinter in 
both pear and apple cankers. Of the apple varieties, Transcendent crab is 
one of the most favored hosts for hibernation. Their ability to overwinter 
the blight bacteria, coupled with their early spring blooming, makes Tran- 
scendent-erab trees second only to Kiefier pears as important centers for 
bee contamination. In the Southern States the Transcendent crab seldom 
occurs ill large numbers, but it is not uneommon to find one or more trees 
of this variety in home orchards. Since it is prized for jelly making, 
owmers hesitate to destroy their trees to reduce blight of surrounding varie- 
ties. In studies on blight control it wms therefore important to seek a prae- 
tical method that did not involve the cutting dowm of any trees. 
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Fig. 1. The bare upper limbs were killed by natural blight infection in 1929 and 
left without treatment. In the spring of 1930 rain carried bacteria from the 1929 in- 
fection, causing a number of fresh infections on the new growth of the lower limbs. 


Efforts to control fire bliglit by surgical nxetliocls have not been suffi- 
ciently snecessfiil to convince the average grower that this is a practical 
method. Failure to get results from surgical methods alone led the writer 
to turn to the zinc chloride treatment by which Day (1) in California had 
siieceeded in killing blight bacteria in pear cankers. During the past 2 
years this treatment has been applied to hundreds of apple and pear 
cankers of many varieties, but the experiments here reported Tvere confined 
to the Transcendent-crab variety. Among others treated in 1929 were 3 
bearing trees of this variety growing in a test orchard on the University 
Farm. One of these trees is a standard, the second a semidwarf, and the 
tliird a true dwarf, figure 2. These trees had been in bearing for several 
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years and, regardless of tlieir rootstock, had bloomed, foliated, and set and 
matured fruit at approximately the same time. During the heavy blight 
epiphytotic of 1929 all 3 trees became infected. This resulted in the loss of 
considerable fruit and in the development of numerous blight cankers. Be- 
cause it was desired to kill the blight bacteria in these cankers regardless of 
other eflPeets, the strongest solution, 53 per cent, recommended by Day (1) 
was used in treating all cankers. The solution was painted over all the 
infected areas and for a distance of 8 to 12 inches beyond external symp- 
toms of blight. The first treatments were marked with dated tags, and the 
few subsequent infections were similarly treated and labeled. 

In the early-season infections it was obvious that the bacteria were 
spreading rapidly into new tissues prior to treatment, but such advance 
appeared to cease shortly after the zinc chloride solution was applied. In 



Pig. 2. The dwarf Trans e end ent-erab tree as it appeared during the summer of 
1926. It had borne a crop of fruit each year since 1926 but was heavily inf eeted with 
blight in 1929. 
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most cases tlie treatments were made as soon as external symptoms of 
■blight appeared; therefore, a few deep cankers developed. In a few cases, 
however, the organism entering throngh short fruit spurs induced deep 
cankers involving the cambium. The zinc-chloride solution appeared to 
penetrate these and kill the bacteria the same as in the shallow cankers. By 
labeling all infections after treatment the writer was sure that these 3 Tran- 
scendent-crab trees entered the dormant priod in the fall of 1929 with no 
untreated cankers. 

Ill order to eliminate insect transmission as far as possible, these 3 trees, 
while still dormant, were on March 7, 1930, enclosed in wood-frame cages, 
covered with 16-mesh galvanize d-wire screen. The bases of the cages were 
enclosed with boards set in the ground so as to exclude entrance from that 
source, and the doors were kept closed except when the writer was entering 
or leaving a cage. 

Although the cages afforded the desired protection from insect infec- 
tions, yet from the observations that follow it is seen that the results were 
adverse in that exclusion of insects i^revented fruit setting. These Tran- 
scendent-crab trees, as usual, bloomed considerably in advance of all other 
apple varieties; their blossoms were fully open by April 1, 1930. Ivieffer 
pears were in bloom about March 20, 1930, and showed well-developed cases 
of blossom blight by the time Transcendent- crab trees were in bloom. 
AVIien the caged crab trees bloomed many blossom-visiting insects were at- 
tracted, but very few gained entrance through the 16-mesh screen, and the 
flowers remained practically free from flying insects throughout the bloom- 
ing period. The blossoms appeared normal, the pollen was abundant, and 
the weather bright and favorable for pollination, yet nearly all dropped 
without setting fruit. During this period no blight developed on any of the 
3 caged trees. This indicated that no blight organisms had overwintered in 
the treated cankers formed on these trees the previous season and that no 
blight-contaminated insects had reached the blossoms. Neighboring un- 
caged trees of standard varieties bloomed about April 18, 1930, and blos- 
som and twig blight was abundant on apple trees throughout east Tennes- 
see, hut no sy pint oms of infection had developed on any of the other caged 
trees. 

It is now accepted that blossoms are not the only plant parts through 
which blight bacteria enter the host and that water, as well as insects, plays 
an important part in bacterial spread. In order to verify these findings 
under controlled conditions the following experiment was conducted. On 
May 6, the writer cut from young, bearing apple trees of a number of varie- 
ties sufficient blighted fruit spurs and young shoots to fill a 16-quart berry 
carrier about 7 x 11 x22 inches inside measurement. During a shower late 
in the afternoon of the same day the container of blighted twigs was placed 
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Pi&. 3. The standard Transcendent- crab tree which had been in bearing for several 
years and which was heavily infected with blight in 1929. All infections were treated 
with 53 per cent zinc ehlDiide solution in 1929, and the tree was enclosed in the cage 
March 7, 1930, while still dormant. ISTo blight developed on this tree in 1930. 

on the screen covering the top of the cage over the semidwarf tree. Cloudy 
weather with showers occurred on May 7, 8, and 9, followed hy a heaA^y rain 
on the lOtli and rain on the 13th, 16th, and 17th. On June 7, 1930, 3 well- 
developed eases of twig blight ivere observed on hraiiehes of the caged tree 
just under the carrier of blighted twigs. No blight had developed on the 
caged standard tree (Fig. 3), which served as a check; therefore, the 
blighted twigs on the semidwarf tree were undoubtedly due to bacteria 
carried to them from the container of blighted fruit spurs and shoots by 
meteoric Avater. After remoAung the carrier from the top of the cage the 
Avriter entered, cut the 3 blighted twigs from this tree and disinfected the 
cut surfaces. The blighted twigs were placed at once in a moist chamber 
and 2 days later all 3 exhibited drops of bacterial ooze. This ooze was 
found, by infection experiments, to contain the fire-blight pathogene. 

It is generally considered that sloAvly growing trees are less siiSGeptible 
to blight, but results obtained with the dwarf Transcendent-crab tree 
under controlled conditions indicate that this is not alAvays the ease. For 
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on May 12; 1930, blighted blossom spurs and new shoots were cut from a 
Bartlett-pear tree in the Station plots and placed on the cage covering the 
dwarf Transeendent-crab tree. No bacterial ooze was observed on these 
blighted pear shoots at the time they were cut, but the rains of May 13, 16, 
and 17 must have washed bactexda from them to growing tips of the caged 
dwarfed tree, for, subsequently, 2 twigs developed typical blight. The 
caged standard tree developed no symptoms of blight throughout the sea- 
son; therefore, the blight infections on. the dwarf tree must have come 
from bacteria from the blighted pear twigs on top of the cage. After re- 
moval of the blighted tips and. disinfection of the cut surfaces no further 
blight developed on the 2-caged trees. 

With blossom-visiting insects excluded from these caged trees, the ab- 
sence of blight infection during and immediately following the blooming 
period is proof of the effectiveness of the 53 per cent zinc chloride solution 
in destroying blight bacteria in hold-over cankers on these apple trees. The 
fact that 2 of these caged trees were later artificially infected through 
water-borne bacteria, while the unexposed tree remained healthy, indicates 
that these trees were equally susceptible to blight in 1930 as when naturally 
infected ill 1929. 

In this and other experiments with apples and pears no serious injury 
to limbs has resulted from treatments of blight cankers with 53 per cent 
zinc chloride solution. Therefore, these data indicate that much could be 
done to reduce the primary spread of the blight organism and the spring 
contamination of bees if the hold-over cankers were given a thorough ap- 
plication of zinc chloride. 

Department of Horticulture, 

Agricultural Experiment Station, 

University of Tennessee, 

Knoxville, Tennessee. 
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BACTERIAL LEAP SPOT OP VIBURNUM 
H.H. Thornberry and H.W, Anderson 

Bacterial leaf spot of Viburnum was first observed by the writers on 
May 25, 1929, on the University of Illinois, campus. Further investigations 
of the Virburnum plantings on the campus revealed infection on certain 
species only. 

SYMPTOMS 

Infections are for the most part on the leaves, but young stems are 
somewhat susceptible. Lesions on the fruits or in the inflorescence were 
not observed. Leaf lesions are more conspicuous than those on the stems. 

The early stage of leaf infection becomes manifest in water-soaked, 
circular areas. In about 4 days after these areas are visible they develop 
into irregular, shrunken, brown spots from 2 to 4 mm. in diameter (Fig. 1). 
The center of aged lesions appears somewhat transparent. Microscopic 
examination of stained sections of such lesions shows disintegration of the 
mesophyll cells. 
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Young: lesions of tlie stem seldom become conspicuous. At first they 
are water-soaked, elongated; and superficial. Later, they develop into 
slightly shrunken streaks, limited to the cortical regions of the stem 
(Pig. 2). 

Microscopic examination of affected leaf tissues shows abundance of 
bacterial ooze from the margin of the lesion, but the shrunken, transparent 
center of older lesions is free from masses of bacteria. Diseased tissues of 
stems contain abundance of bacteria which ooze from sections in water. 



Fig. 2. Stem lesions in which bacteria live over winter. The lesions appearing as brown 
slirunken streaks are limited to the cortex. 
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DISTRIBUTION AND HOST RANGE 

The disease has been observed on Vihiirnmn opulus L., V. tomeniosum 
Thunb., and V. deniaUim L. on the University of Illinois campus. Other 
species on the campus, V. am folium^ V. amerieammi Mill., Y, Carlesii 
Hemsl., V. cassinoides L., V. lantana L., Y. leniago L., Y. molle Miclix., V. 
prunifolium L., Y. Sargentii Koehne and Y. Sieholdii Miq., were not in- 
fected. Viburnums investigated at other points in the State, including 
Champaign and Urbana, were free from infection. The disease has not 
been observed elsewhere and no reference to it has been found in the litera- 
ture. Since the disease is easily noticeable when in a severe form, it would 
seem that it could hardly have been overlooked had it been common or 
widely distributed. A limited number of inspections have been made on 
wild species of Viburnum and in nurseries wuthout revealing any further 
distribution. 

ISOLATION 

The dilution-poured-plate method w^as used to isolate the causal organ- 
ism. Small sectors from lesions "were placed in a drop of sterile water on 
a microscopic slide and then examined with low^-power magnification. The 
sectors which showed bacterial ooze were transferred to 1 ec. of sterile 
water in a sterile Petri dish and allowed to remain 30 seconds or longer, 
depending on the amount of observed bacterial ooze. By transplanting one 
loopful of the inoculum to a second Petri dish containing 1 ec. of sterile 
water, and from the second to the third dish, suitable dilutions were ob- 
tained. The plates were poured with melted dextrose agar that had been 
cooled to 40° C. Typical colonies developed within 4 days when incubated 
at 25° C. Stock cultures were obtained by transfeiuing from single colonies 
to dextrose-agar slants. 

The organism was reisolated from artificiahy produced lesions. 

INOCULATION 

Stomata! entrance was readily demonstrated by atomizing a suspension 
of the pathogene on young leaves of Yihurnum opidus. Inoculations thus 
made on June 2, 1929, during a gentle rain, developed typical lesions within 
9 days. Inoculations again made on June 12 resulted in evident infection 
by June 25. It was observed that rubbing the leaves betw^een the tliunib 
and fingers or scratching them with a sharp needle, while the suspension 
was atomized, aided entrance (Pig. 3). 

OVERWINTERING OP THE PATHOGENE 

The pathogene lives through the winter in the tissues of dormant buds 
and in small cankers on young stems. Primary leaf infection in the spring 
results for the most part from the inoculum in infected tissues near buds 
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Pig. 3. Artificial infections. A. Inoculation made by atomizing a suspension of the 
pathogene and by scratching the leaf with a sharp needle. B. Inoculations 
made by atomizing the suspension without injuring the leaf. 


and not from the stem cankers. Bud and stem infections occur during 
late summer and early fall, before infected leaves drop and while the young 
stems are succulent. The pathogene probably exists in a semi-active con- 
dition in the diseased tissue during the winter months. 

Infected buds, which were first observed on April 20, 1930, contained 
visible lesions in the region of the cortex of the stem adjoining these buds. 
Stained microtome sections of the bud and adjoining tissue showed bacteria 
concentrated in definite areas of disintegrated cells. Serial sections showed 
that infeetion originated in the stem at the axis of the bud and advanced 
through the cortex to the basal tissues of the bud. Infeetion probably 
occurred during early fall before the infected leaves dropped. Invasion 
coiitiniied for the most part during fall and the organism remained semi- 
active during the winter months. During spring the pathbgene became 
active and the organism advanced farther into the outer portion of the bnd 
and adjoining tissues. Buds that were severely infected were killed out- 
right. \ 

The temperatures through September and October and April and May 
were favorable for continuous growth of the organism. Furthermore, mete- 
orological data show that the temperature on several days during each of 
the winter months was above 12° C., the limit for growth of the organism in 
culture; thus it was possible for the bacteria to develop during these 
p erio ds. 
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Primary leaf infections were evident April 28, 1930, 1 week after buds 
opened. Since the incubation period is 7 to 9 days, natural infection must 
have occurred when the buds expanded. The severity of local infections 
on leaves developed from certain buds (Fig. 4), and the absence of general 
infection indicates that the infected buds were the source of inoculum. 
Local infections in all cases were associated with stem lesions near the 
original position of the bud. 



PiGr. 4. Primary spring infections, traced to lesions under the hark of the terminal 

portion of the stem. 


The pathogene remained viable through the winter months in cankers, 
but in no ease were primary infections traceable to them. This inoculum, 
as well as that from buds killed from severe infection and from overwinter- 
ing bacteria in the infested leaf debris in the soil, no doubt is eapahle of 
producing infection, bnt not until the leaves are evolved. this time 
primary infections from buds are well established. 
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DESCRIPTION 

Phytomonas viburni n. sp. is a short rod 1 to 2 microns long* by 0.5 to 1 
micron wide, motile by means of 2 or 4 polar flagella, occurring singly, in 
pairs, and in short chains, but mostly in pairs. It is capsulate but forms no 
spores; is gram-positive and not acid-fast; forms round, entire, pale dull 
gray colonies on dextrose beef-extract agar; clouds bouillon and forms a 
pellicle ; has no diastatic action ; does not liquefy gelatin ; does not ferment 
xylose, rhanmose, glucose, mannose, galactose, fructose, lactose, maltose, 
sucrose, rhaminose, raffinose, dextrin, inulin, glycerol, mannitol, sorbitol, 
dnlcitol, nor salicin ; does not reduce nitrates ; produces an alkaline reaction 
and causes neither coagulation nor peptonization in litmus milk without 
reduction of litmus; produces neither hydrogen sulphide nor indol; is 
aerobic; optimum, minimum, and maximum pH for growth are 8.5, 4.8, 
and 10.4, respectively; optimum, minimum, and maxininm temperatures for 
grow’th are 25°, 12°, and 35° C., respectively; causes brown irregular spots 
on leaves and elongate lesions on petioles, young shoots, and twigs of species 
of arrowwood. Viburnum opiilus, V. tomeniosum^ and V. dentatum. 

A culture of Phyfomonas vihiirni has been sent to the American Type 
Culture Collection, John McCormick Institute of Infectious Diseases, Chi- 
cago, Illinois. 

SUMMARY 

1. Bacterial spot of Viburnum w^as discovered May 25, 1929, on the 
University of Illinois campus. 

2. The disease is apparently of local distribution. 

3. The pathogene lives over winter in cankers, in infected buds, and 
possibly in infested leaf debris in the soil. Primary infection in all cases 
observed developed from infected buds. 

4. Artificial inoculations produced typical lesions and the organism was 
reisolated in pure culture. 

5. A description is given of FJiytomonas viburni^ the causal organism. 

Department of Horticulture, 

University OF Illinois, 

Urban A, Illinois, 



DIDYMOSPHAEKIA ORBGONENSIS, A NEW CANKER ORGANISM 

ON ALDERS 

L.N.GO'Odding 

INTRODUCTION 

Field studies on wliite-pine blister rust in the Pacifie Northwest have 
led to some observations on other fungi affecting forest trees. In 1929 
the writer noticed a peculiar trunk canker on alder {Alnus nthra Boii- 
gard) . At first glance it appeared to be the result of insect work or injury 
due to sapsuckers. Closer examination, however, proved it to be a well- 
defined canker having a fungus constantly associated with it. 

A study of the fungus has shown that it is an undeseribed Didymo- 
sphaeria. L. E. Welimeyer, of the University of Michigan, in a letter 
dated April 26, 1930, suggested that the most closely related Didy- 
mosphaeria previously described is D. nana var. hrachyspora Saec.^ This 
occurs on the leaves of an Alaskan alder. Since, however, the species here 
discussed is found only on the trunks and limbs of the alder and is obvi- 
ously different from one other close affinity in the genus, the writer pro- 
poses the name Didymosphaeria oregonensis n. sp. 

DISTRIBUTION 

This fungus is general throughout W'estern Oregon. Two specimens 
w^re collected in northeastern Oregon, one in western Washington, and 
two in Idaho. It probably is common throughout the Northwest. This 
fungus has been found on three species of alder ; namely, Alnm nlra, A. 
ienuifolia Nutt., and A. sinuwta (Regel) Rydb. It is worth noting that 
abundant Betula glandulosa Michx. associated with alder sustaining' a 
heavy infection ol Didymosphaeria oregonensis at Horse Thief Meadows, 
Hood River County, Oregon, shoAved no signs of infection. 

ECONOMIC IMPORTANCE 

The constant association of this organism with the marked banding 
effect and at times with the pronounced sw^ollen canlcers on the boles and 
branches of alder indicates that it is an active parasite. There seems to be 
some indication from observations in the Mud Creek region in the Mt. Hood 
National Forest that it becomes sufficiently active at times to kill the 
affected branches. This organism, however, has not been shown to be the 
cause of this killing. In many localities a mere band of roughened bark is 

1 This has previously heen mentioned in a brief abstract in Phytopath. 20: 854. 1930. 

2 Saee. Syll. Piinff. 17: 679. 1905. (See also Harriman Alaska Expedition 5: 30. 

1900.) 
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produced, but in others, or on certain trees, each canker forms a pronounced 
swelling. In no place where it has been observed can it be considered a 
serious pest, though in some localities young trees are deformed and 
stunted by very numerous cankers. 

DESCRIPTION OF CANKER AND FUNGUS 

Cankers with which the fungus is associated form bands around the 
trunks and limbs of the alder [Fig. 1). These bands vary from i inch to 
2 feet or more in length. The organism apparently confines its activity to 
young limbs and trunks, ceasing to grow after the bark has become hard 
and thick. The scars, however, are often evident on the trunks of mature 
trees. While working on the tender bark the organism produces a marked 
zoning which readily reveals the age of simple cankers. A longitudinal 
section of a canker where swelling has taken place shows increased thick- 
ness of the annual layers following infection. This apparently is due to 
the release of tension where the fungus breaks the outer bark. Peritheeia 
are produced only on the portion of the bark recently invaded. In the very 
early spring a slight discoloration of the bark beyond the band bearing the 
peritheeia of the last season can be clearly discerned. By early May this 
reveals the growing peritheeia by a pronounced pimpling. By midsummer 
these are producing mature ascospores. Peritheeia are numerous, single or 
occasionally somewhat caespitose, those of the current season confined to a 
zone from a few millimeters to several centimeters wide. If this consti- 



Eig. 2. A. A single perithecium. x30. B. Wall of single peritheeimn. x30. (A 
and B show the outer cortical layer raised by the peritheeia.) C. A single aseospore. 
X 400. D. An aseus with spores, x 275. E. A paraphysis. x 275. E. A scrap of inner 
bark showing collapsed peritheeia. x 5. 
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tutes tlie initial growth it starts as a narrow lens>sliape area but soon forms 
a complete single band about the trunk or branch. As the perithecia reach 
maturity the outer cork layer of the bark is broken loose and raised. 
Finally/ the outer layer of the bark exfoliates, leaving a roughened and 
rag'ged sui‘faee. The perithecia usually remain attached to the bark on 
the trunk or branch but occasionally peel off with the outer cork layer. 
After the contents of a perithecium are exuded, the upper portion collapses 
and the base forms a minute cup. 

The technical diagnosis follows : 

Didymosphaeria oregonensis n. sp. 

Penihecia (Fig. 2) about 1 mm. across, globose, dark brown or black, 
opening by a very minute pore which does not protrude beyond the surface 
of the bark; the cavity is filled completely with the asci and filiform, 
branched, septate paraphyses ; asci numerous, produced from the sides and 
bottom of the perithecia, cylindrical to clavate or quite irregular, 75-90 p 
long, opening by a wide pore at the tip which does not turn blue with 
iodine, contain 8 spores; ascospores ^Udldare green^^ (Ridgway), rounded 
at both ends, l-septate, slightly if at all constricted at the septum, 18-21 x 
7-9 p. 

This organism apparently is related to Didymosphaeria WaUrothii 
(Hipp.) Saec. & Trott.^ from which it differs in having larger spore>s, less 
conspicuous perithecia, and nonprotrnding ostioles. D, WaUrothii occurs 
on birch bark and has not been reported from North America. As sug- 
gested by Wehmeyer, 2>. oregonensis may also be related to D. nana 
var. l)r(ichyspora Sacc, In D. oregonensis, however, the spores are rela- 
tively much broader than those in D. nana var. 'hrachyspora. This and the 
fact that D. oregonensis has never been reported as occurring on the leaves 
indicate that it is a distinct species. 

SPECIMENS EXAMINED 

On Almis nihra Bongard 

Oregon: Clackamas County, Still Creek, A. A. Goodding, May 30, 1929, 
4961/ July 10, 1929, 4963, May 23, 1930, 5533, L. N. Goodding and 
A. L. HincMeij, July 4, 1930, 5534 and 5535 ; Mud Creek, L. N. 
Goodding and G. D. Darker, July 12, 1929, 4964; Yokum Falls, L. 
N: Goodding and G, D. Darker, July 15, 1929, 4965, TYPE; Crater 
Lake, L. A. Goodding and ilf. 0. Riley, August 4, 1929, 4966 ; Colla- 

3 Saec. Syll. Fung. 1: 715. 1882. 22; 174. 1913. 

4 All numbers refer to the Oregon State College Herbarium. 
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wash Eiver, L. N. Goodding and M. C. Riley, August 16, 1929, 4968,- 
Oamp Creek, L. N. Goodding and M. C. Riley, October 13, 1929, 
4967; Zig Zag Eiver, L. N. Goodding and M. G. Riley, October 15, 

1929, 4972; Ehododendron, L. N. Goodding, March 5, 1930, 4977, 
April 18, 1930, 5531, L. N. Goodding and E. W. Lyle, October 2, 

1930, 5532; Columbia County, Vernonia, L. N. Goodding, March 19, 
1930, 4978; Douglas County, Gunter Eoad, L. N. Goodding, Novem- 
ber 23, 1929, 4975; Florence, L. N. Goodding, November 25, 1929, 
4976; Canyonville, L. N. Goodding, February 22, 1930, 5527 ; Hood 
Eiver County, Eagle Creek, E. N. Putnam and L. N. Goodding, Oc- 
tober 18, 1929, 4973, E. L. Joy and L. N. Goodding, May 13, 1930, 
4981; Hood Eiver, L. N. Goodding, June 4, 1930, 5538; Horsethief 
Meadows, L. N. Goodding and A. L. Hinckley, June 5, 1930, 5539; 
Jackson County, Woodruff Meadow, F. P. Sipe and L. N. Goodding, 
August 6, 1930, 5541 ; Lane County, Triangle Lake, F. P. Sipe, Sep- 
tember 13, 1930, 5528 ; Marion County, Breitenbush Eiver, M. C. 
Riley, August 20, 1929, 4969; Polk County, Eickreall Creek, L. N. 
Goodding, June 8, 1929, 4962; Salmon Eiver, L. N. Goodding and 
M. C. Riley, September 19, 1929, 4970; Black Eock, L. N. Goodding, 
April 23, 1930, 4979 ; Tillamook County, Boulder Creek, L. N. 
Goodding, October 25, 1929, 4974; Wasco County, Clear Lake Creek, 
L. N. Goodding and M. C. Riley, October 12, 1929, 4971. 

Washington : Pierce Countj”, Kantz Creek, L. N. Goodding and M. C. 
RUey, May 4, 1930, 4980. 

On Alnus tenuifoUa Nutt. 

Oregon: Clackamas County, Summit Eanger Station, L. N. Goodding, 
May 23, 1930, 5530; Deschutes County, Tumalo Creek, L. F. Good- 
ding, October 7, 1930, 5529 ; Umatilla County, Pearson Eanger Sta- 
tion, E. W. Lyle, and A. L. Hinckley, July 4, 1930, 5542; Union 
County, Jarbeau Creek, E. W, Lyle and A, L. Hinckley, July 21, 
1930, 5540. 

Idaho: Clearwater County, Three Bears Creek, C. C. Strong, July 9, 
1930, 5543; Ehodes Creek, E. L. Joy, September 5, 1930, 5544. 

On AZnws sim-wata (Eegel) Eydb. 

Oregon: Clackamas County, Mud Creek Trail, G. B. Barker and L. N. 
Goodding, Julj 11, 1929, 4982; Mud Creek, L. N. Goodding and A. 
L. Hinckley, June 4, 1930, 5536 ; Wapinitia, L. N. Goodding, June 
4, 1930, 5537. 
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SUMMARY 

This paper describes as new a species of Didymosphaeria found asso- 
ciated with a canker on three species of living alder in the Pacific North- 
west. The name Didymosphaeria oregonensis Goodding is proposed. 
The known distribution of the new species is given as Oregon, Washington, 
and Idaho. There is also included a brief consideration of its relationship 
and economic importance. 

Office op Blister Bust Control^ 

United States Department op Agriculture, 

Station at Oregon State Agricultural College, 

Corvallis, Oregon. 



THE KELM MOUNTAIN BLISTEK^EUST INFESTATION 

WalteeH.Snelli 

During tlie past 15 years of intensive search for white-pine hlister-rust 
infestations, momentary enthusiasm has given, rise, in a large number of 
cases, to estimates of practically 100 per cent infection on various lots. In 
nearly all such infestations, the actual percentage of trees diseased has 
been found to be below 75 per cent and usually nearer to 50 per cent. 
There is at least one area (the only one known to the writer), however, in 
connection with which the original estimate was not extravagant. This 
Kelm Mountain lot is an outstanding example of blister-rust damage. 
Because of its inaccessibility, this plot is probably the least known to 
pathologists and foresters of all blister-rust plots; few have seen it and 
not many more have heard of it. 

This area was discovered during a deer hunt by A. E. Fivaz and E. G. 
Woodward, of the Division of Blister Rust Control. Inability to find a 
single uninfected tree in the course of two casual inspections made the area 
of unusual interest from the point of view of blister-rust damage, and the 
writer established an experiment plot there in 1923. The plot is at the 
foot of Kelm Mountain, between the Cliestertown and Horicon roads out 
of Warrensburg, in Warren County, New York. It can be reached only 
after a walk, mostly uphill, of about a mile and a half from either highway. 
The elevation of the lot is 1,200 feet. The infested area is in a sort of 
pocket in the mountains protected on one side by the steep wall of Kelm 
Mountain and near a small unnamed pond, not far from Kelm Pond. The 
lot is surrounded by mature pine and hardwood. In general, moisture 
conditions favorable for the propagation and development of fungous dis- 
eases seem to prevail. During the summer the undergrowth usually 
remains wet until nearly noon, fog is very common in the nights and early 
morning, the woods are dark, and the forest floor supports an unusually 
abundant mushroom growth. 

The permanent plot consists of 2 acres, selected from an extended stand 
of white pine of nniform type. This plot, in its original condition, had 550 
trees to the acre, divided quite sharply into 2 groups — one of open growth 
of 400 pines an acre and the other of about 3,000 trees an acre. In the 
dense part of the plot it appeared that, under normal conditions, an excel- 
lent stand would have been produced, since the competition had resulted 
in the development of well-spaced dominant trees with an undergrowth 
of badly suppressed trees that soon would have been eliminated by shading. 
The open part likewise promised a good stand. It is true that there were 

^Assistant I’orest Pathologist, New York Conservation Department. 
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too few pines for this purpose, but the stand was so interspersed with hard- 
woods of the proper size as to provide the pines with the stimnliis for 
height growth and the shading for clean boles. 

At the time of the first study, in 1923, these pines were mostly 10 to 14 
years of age. Those, that now survive are therefore between 17 and 21 
years old. 

The open spaces in the stand are quite heavily covered with blackberry 
brambles. In 1923 there were 174 bushes of Biles Michx., 

■with a total leaf-bearing stem of nearly 9,000 feet in the open part of the 
plot. No bushes Were found in the dense part of the plot nor in the sur- 
rounding mature-pine and hardwood growth. In 1923, 25 per cent of the 
leaf-bearing stems were dead and 50 per cent were dead in 1926. At the 
present time, the few surviving bushes are in very poor condition. They 
are, however, numerous enough to provide infective material for the new 
pine seedlings as they appear. 

As far as can be determined, this land was cleared sometime prior to 
1907, when the owner sold the property and moved away. This fact is 
corroborated by the age of the trees now on the plot. 

In all, during the past 8 summers, 1,110 trees have been found on this 
plot. Of these, 96.5 per cent have been found infected at one time or 
another. There are at present only 1,006, or 90.6 per cent, with living 
cankers. The cankers on 64 trees (6 per cent) are now dead because of 

shading. About 9,000 cankers, in all, have been found on the plot, an 

average of about 9 per tree. One tree bore 298 cankers, and 7 trees had 

between 100 and 200, The cankers on the trees in 1924 w’ere distributed 

as follows: 0.4 per cent on 1916 wood, 3 per cent on 1917 wood, 16 per cent 
on 1918 'wood, 74 per cent on 1919 'wood, 5.6 per cent on 1920 wood, and 
1 per cent on 1921 avoocI. 

There 'was not a dead tree on the lot in 1920. In 1923, 9 per cent were 
dead; in 1924, 14 per cent; in 1926, 30 per cent; in 1927, 42 per cent; in 
1929, 60 per cent; and, in 1930, 69 per cent. There are still left on the 
plot 18 per cent of the entire number that will die in a few years, making 
an imminent mortality of 87 per cent of the entire stand. 

There 'will be left on the lot 147 noninfected trees. Of these, ho'wever, 
40 will not survive because of shading or other factors. This will leave 
only 107 living trees on the 2 acres. Most of these are severely suppressed. 

There is at the present time no reproduction to make a new stand, nor 
have any seedlings matured since 1910. All of the young trees that pre- 
sumably were seeded in between 1910 and 1920 were killed. AYe are certain 
that there must have been some reproduction in that decade, because there 
is reproduction on other lots not infested with the disease. The years 
1911, 1913, 1915, 1917, and 1919 \vere good seed years in the Adirondacks. 
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There has been seeding- in years since 1920, but most of these yonng trees 
are at present infected and are doomed to die. This plot is a good example 
of the 2-storey condition explained in former publications^'^ except that, 
because of the continued severity of the disease, the lower storey (trees that 
seeded in since 1920) is sparser here than in most places. 

The original stand of 2 acres, one portion of pure pine and the other 
mixed with hardwoods, w^as such that, undisturbed by disease, it probably 
would have produced a minimum of 60,000 and probably nearer 70,000 
board feet of high quality lumber. The rust will have left only 147 trees 
noninfeet ed and, of these, shading will remove all but 107. The 107 trees 
that Avill survive rust and shade (presupposing that no more of these are 
attacked by the rust in future years) will be worth almost nothing and the 
damage because of blister rust will therefore be practically complete. 

To one who has followed the conditions on this plot since the earliest 
studies, the change within the past few years is very striking. Up to 1926, 
to casual observation, the plot looked like a thriving young pine stand, 
practically pure pine in one part and mixed with hardwoods in the other. 
Few dead or dying trees were visible when the lot was viewed from the 
open. Whereas, at that time, the vigorous pines were visible even in the 
hardwoods, showing through and crowding above them, there is now little 
pine foliage to be seen. The single pines in the hardwoods are dead and 
dying, and, in the thicker portions, most of the pines are already dead. At 
the present time, it is most strikingly evident that the lot is no longer a pine 
stand but that it has, within the space of a few years, become a liard'wood 
stand. 

Another interesting feature of this stand is the 147 pines that have 
withstood the blister-rust attacks of the 1910-1920 decade, especially the 
severe wave of the latter part. These trees, found free from disease in 
1923, are still intact. That they are constantly exposed to attack is shown 
by the diseased condition of all the young trees that have come up since 
1919. These trees apparently are immune from the blister-rust fungus. 
It is going to he of considerable interest to find out how offspring from the 
seeds of the 107 staunch survivors react to Cronarimm riUcola Fischer. 
It is hoped that such tests can be made. 

Albany, New York. 

2 Snell, Walter H. Blister rust in the Alirondacks. Jour. For. 26; 472-486. 1928. 

3 Snell, Walter H. Some observations on the white pine blister rust in New Y^ork. 

Phytopath. 19: 269-283. 1929. 




A WITCHES’ BEOOM OP OCEAN SPRAY (HOLODISCUS 

DISCOLOR)^' 2 

S . M . Zeller 

In the spring of 1925 a resident of Corvallis, Oregon, observed in his 
garden a '"freak” plant of ocean spray, Eolodiscus discolor MsiX. He had 
secured the plant from an open woodland in Marion County, Oregon. 
Ocean spray is a beautiful rosaceous shrub, native to the Pacific Northwest. 
We have chosen to call the abnormal condition of this ornamental shrub 
a "witches’ broom.” Many diseased plants have been observed in the foot- 
hills of the western slope of the Cascade Mountains in Oregon from Wasco, 
Hood River, and Multnomah counties in the north through Clackamas, 
Marion, and Linn counties to the south. One specimen was brought in by 
L. N. Coodding from west of Olympia, Washington. 

When this disease first makes its appearance on a plant the new lateral 
branches from an old stem are very slender and wirelike, with rather short 
internodes and small leaves. As a rule, there are 2 or 3 of these slender 
laterals from each node, while in healthy plants the laterals are more stalky 
and but 1 from each node. In the second or third year there is considerable 
multiplication of the laterals from each node on stems 2 or more years of 
age, and these laterals are much branched in contrast to the laterals of 
healthy plants. 

New canes, which arise from or near the crown after the plants become 
affected, are short and give a stiff appearance, as illustrated (Pig. 1). In 
these canes the internodes are short; the main stems have little tendency to 
branch, so there are usually no blossom clusters. There are several buds 
at each node and these produce very short spindly laterals. 

The leaves of affected plants are very small and crowded, giving the 
canes a very leafy apjpearance. Where they are not shaded they turn a 
bronzy red early in the summer. This general reddish tone may appear 
early in June when the spring is cool. This color stands out in contrast to 
the bright green of neighboring healthy plants. 

Plants showing symptoms of the disease on 1 cane only were marked to 
determine subsequent development. As a rule, all of the aboveground por- 
tions of the plant showed symptoms the following year. All new canes 
from below or just above the ground in such cases showed advance symp- 
toms of the disease. 

In the early spring of 1927, buds from diseased plants were grafted into 
large healthy stems, 1 year old. In 6 out of 15 trials, the buds grew and 

1 Published with the approval of the Director as Teclmical Paper No. 136 of the 
Oregon Agricultural Experiment Station. 

2 An abstraet of this paper appeared in Phytopath. 29: 851. 1930, 
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Pig. 1. Two branches of ocean spray affected with witches^ broom. The middle upright 
branch is from a healthy plant. 

in all 6 cases the disease was transmitted. The grafted node in such cases 
is the first to vshow symptoms. Then, the new growth appearing on the 
stock above the grafted bnd shows a spindliness, but, during the remainder 
of the season, no symptoms are evidenced in other canes of the plant. In 
the second season (1928), however, in all 6 cases the whole plant showed 
evidence of the disease and the new canes w^ere dwarfed with typical, ad- 
vanced symptoms. 

In an effort to discover the possibilities of insect transmission small 
laterals from diseased plants with aphis. Aphis spiraeae Sellout., on the 
young leaves were placed in considerable quantity on 10 healthy plants 
on May 10, 1927. No symptoms of the disease made an appearance that 
season. In the spring of 1928, however, on 4 of these plants all of the 
new canes from near the ground and all of the lateral branches of any 
size showed rather advanced symptoms of the disease. On May 16, 1928, 
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a similar transfer of aphids to 12 healthy ocean-spray plants was repeated 
and, at the same time, aphids from diseased plants were transferred to 4 
plants of Sinraea tJmnlergii Sieb., 2 plants of S. Yanhouiei Zahel, 1 plant 
of S. pnmifolia Sieb and Znee., 7 plants of 8. Douglasii Hook., and 3 plants 
of Physocarpus capitaius (Pursh.) Ktze. In the snnnner of the next year, 
1929, 9 of the 12 plants of ocean spray showed sjnnptoms of witches' 
broom, but none of these other closely related rosaceous plants, to w^hich 
aphis had been transferred, showed any indication of the disease. No dis- 
ease resulted where aphids were transferred from healthy plants to 14 
healthy plants. This work was done in the open field where adequate con- 
trolled conditions were not available, but the results appear sufficiently 
consistent to warrant notice. The possibility remains that there may be 
other means of transmission than the two suggested. 

The tissues and buds of aftected plants have been examined far a pos- 
sible causal fungus or insect, such as mites or nematodes, but, so far, none 
has been found. The symptoms and performance of the abnormal condi- 
tion thus far observed suggest that it might belong to the ever-increasing 
list of so-called virus diseases. 

SUMMARY 

A description is given of a disease which causes broominess and dwarf- 
ing of Holodiscus discolor (ocean spray), an attractive native shrub of 
western North America. The disease, called ‘^witches' broom,” has been 
found in the foothills of the western slope of the Cascade Mountains from 
Linn to Wasco counties in Oregon and in Thurston County, AVashington. 
Budding of diseased nodes into healthy stems and the transfer of Aphis 
spiraeae from diseased to healthy plants have both apparently induced the 
disease. The symptoms and performance of the disorder suggest that it 
may be a virus disease. 

Oregon Agricultural Experiment Station, 

Corvallis, Oregon. 
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THE TOXICITY OF AVATER-SOLUBLE EXTRACTWES OF 
AVESTERN YELLOAA^ PINE TO LENZITES SEPIARIA^ 

Berjtard a. Andeeson 
INTRODUCTION 

Tlie following study of the toxicity to fungi of water-soluble substances, 
extracted from western yellow or Pondosa pine, Pinus ponderosct, Lawson, 
and of volatile oils driven off during kiln drying, has been undertaken to 
furnish additional information on the durability of Pondosa pine. 

Extraneous components of wood that include tannins, resins, dyes, 
gums, oils, alkaloids, etc., are chemical products of the tree. These com- 
ponents may be found in some woods and absent in others. They are 
usually present in the xylem of the tree and can be extracted by suitable 
solvents. According to Hawley and AVise (4), these substances are not 
considered an integral part of the cell wall. 

At the present time research work is being carried on in the Forest 
Research Laboratory at the University of Idaho on various factors influ- 
encing the decay of wood. This experimental work is part of a program 
for the determination of the uses to wFich Inland Empire woods are espe- 
cially adapted. 

It is well known that in nearly all commercial species the durability of 
timber varies with the amount of heartwood and sapwood (7) . Heartwood 
is generally more durable than sapwood (5). Accurate information cover- 
ing the relative durability of heartwood and sapwood of various species, 
however, is comparatively scarce. 

Pondosa pine may contain from 2 to 12 inches of sapwood, varying with 
the maturity of the tree. Service records prove that Pondosa pine heart- 
wood is more durable than the sapwood. Is, then, the difference in dura- 
bility of heartwood and sapwood due to the presence of sugars, protoplasm, 
or starches in the sapwood? Is it due to the presence of resin or oils or to 
the deposition of certain substances in the heartwood! Or, is it due to the 
presence of water-soluble toxic substances in the heartwood not found in 
the sapwood ! These questions are as yet not answered and an attempt to 

1 Presented as a thesis for the Master’s Degree in Forestry. School of Forestry, 
University of Idaho. 
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gather these data is here recorded. It is principally A\dtli the Avater-soluble 
substances that this paper deals. 

Rose and Lisse (11) in their work on the chemistry of wood decay in 
1917, found that the amount of hot- and cold-water extractives secured 
from wood varied with the stage of decay. In percentage relationsliip of 
extract to wood there was a decrease of cold-water extract from 4.03 per 
cent in sound Douglas dr heartwood to 1.16 per cent; in hot-water extract^s, 
an increase of from 2.23 per cent to 7.77 per cent. The results of the cold- 
wuter extraction probably are not reliable because, as Rose and Lisse 
explain, quite evidently the first of these could hardly be reliable because 
with increasing solubility in cold w^ater there would be an increasing ten- 
dency towards loss by leaching out.^’ The results would undoubtedly vary 
with the type of rot organism present in the wood, since fungi seem to vary 
ill the manner in wiiich they attack the components of wood (5). 

A large number of heartwoods that are durable and resistant to decay 
under actual service conditions have been shown to contain wuter-soluble 
extractives in large amounts (3). On the other hand, hardwoods readily 
attacked by decay are usually deficient in such extractives. The kind of 
extractive varies with the species. In chestnut, black locust, oak, and red 
mulberry tannin exists ; in Osage orange and black w^alnut, a soluble color- 
ing matter is found in large quantities; redwood possesses an iinknowni 
coloiung matter (3) ; western red cedar also contains a highly toxic 
broivnisli extractive (13). From such nondurable woods as birch, maple, 
or red alder, only indefinite and colorless extractives have been secured (3). 

In the toxicity tests carried out by Sowder (13) and Haivley (3), hot- 
ivater extracts from both heartivood and sapwuod w^ere found more toxic 
than corresponding cold-water extracts. This probably is due to the 
increased amount of extractives or to a difference in the nature of the 
extractives. The above workers (3) (13) also have found that in all cases 
the sapwood extracts are less toxic than corresponding heart'wood extracts. 

A very interesting example of the practical application and the impor- 
tance of a thorough knowledge of 'vvater-soluble extractives of wood is the 
problem offered by ^‘box scald.’' Box scald is the term applied to a certain 
type of injury to apples and pears resulting from contact with Avooden eon- 
tamers (2) . It is a brownish discoloration on the skin of the apple, -with 
surface roughened as if it had been pressed against the hoard and subjected 
to abrasion. Tests have disclosed the fact that the injury is due to a w-ater- 
soluble substance pre^sent in the heartwood but absent in the sapwood of 
Douglas fir. Western hemlock, western yelloiv pine, and Sitka spruce do 
not contain the injurious extractive. 

The extractives in the tests reported in this paper were secured from 
^lir-seasoned and kiln-dried lumber. The kiln-dried stock was dried at a 
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kiln temperature of not liig‘her than 180° F., which is not a severe dry-bulb 
temperature for Ponclosa pine. It is reasonable to suppose that when kiln- 
drying lumber and subjecting it to temperatures that run as high as 200° 
F. (14) certain volatile constituents of the wood are driven off. 

It is possible that the high temperatures used in kiln drying affect the 
durability of the wood. Koehler and Thelen (6) state: '‘Whether the 
removal of moisture in itself causes any chemical changes in wood substance 
is not known, but it is a well-established fact that heat, if severe enough, 
will cause a decided chemical change in wood with a corresponding reduc- 
tion in strength. ’’ Little, however, is known of the relative durability of 
air -seasoned and kiln-dried stock. 

Under ordinary conditions the decomposition of wood by heat does not 
progress to any extent until a temperature of 275° C. is reached (4). Up 
to this point all water is driven off, and possibly extraneous matter is 
volatilized, but no decided chemical change occurs in the wood. The prod- 
ucts driven off at temperatures up to 280° C. to 290° C. are water, a small 
amount of acetic acid, and a trace of methanol. Active decomposition of 
wood into primary tar and primary charcoal occurs when the temperature 
is raised above this point. It is possible, however, that the same chemical 
changes may result in wood subjected to medium high temperatures for a 
long period as those changes that occur when the wood is subjected to a 
high temperature for a short period. The slow darkening of wood in con- 
tact with steam pipes (4) may be such a change. 

The wmrk of Bateman (1) on the effect of resin on durability leads us 
to believe that there is a definite relationship between the volatile oil con- 
tent of resinous wood and durability. A certain relationship between resin, 
an extraneous component, and durability could be expected, since it is 
known that certain hydrocarbons, as toluene and benzene, etc., are ver}" 
toxic to fungi (1). Experiments on the toxicity of terpenes and terpene 
alcohols by Bateman showed a strong retardation of the test organism, 
although no actual killing of the organism occurred. C,^uneue, the main 
constituent of spimce, turpentine, alpha pinene, the main constituent of 
gum turpentine from long-leaf pine, and beta pinene, the main constituent 
of gum turpentine from western yellow pine, show’ed a respective retarda- 
tion of 98 loer cent, 98 per cent, and 97 per cent. 

Pine oil is extremely toxic. In tests (1) to determine the cause of the 
durability of an exceptionally durable, very resinous, heartwood long-leaf 
pine tie, it was found upon steam-distilling the tie that it contained ten 
times as much pine oil as was necessary to prevent the growth of decay 
organisms. Pine oil, one of the volatile oils found in yellow pine, is not 
present in ' ' oleoresin. ^ ^ Oleoresin (4) is the viscous substance secreted 
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by tlie resill cells of the sapwood when the tree is 'wounded. Pesin, which 
does contain small amounts of pine oil, is consider ed as an extraneous sub- 
stance in the wood proper. Pine oil is probably an oxidation product, 
formed in the presence of air and water. 

METHODS 

Only actual service tests will give conclusive proof of the effects of kiln 
drying on lumber. Satisfactory service tests, however, cannot be carried 
out in less than 20 or 30 years. Laboratory tests on problems of this kind 
are merely indicatory of what the results probably will be. They are open 
to many criticisms, but at least they can be used as a basis and guide for 
conducting service tests. 

Investigators in the past have used Uvo principal methods in carrying 
on toxicity tests in the laboratory. In the first, the preservative is mixed 
with sawdust or injected into the wood and the fungus grown on a wood 
base, and, in the second, the preservative is mixed with some nutrient- 
agar solution. The nutrient solution varies from a malt to a beef or 
vegetable extract (9). 

The growth of any particular fungus on diiferent media varies and 
thereby renders noncomparable the results of toxicity tests carried out with 
the same fungus but on different media. The tendency (9) in late years 
has been to make all tests on a malt-agar medium, thus giving a uniformity 
in all tests. Therefore, all cultures in the following work were grown on a 
malt-agar medium. Hawley, Fleck, and Eichards (3), in their investiga- 
tions on toxic extracts of various woods, and Sowder (13), in his work on 
cedar extracts, used this type of medium. 

Lenziies sepiaria (Pries), the fungus camsing a brown cubical rot, was 
selected for the toxicity tests. Two factors were given special consideration 
in choosing a fungus for such tests : First, a fungus was w'anted that actively 
attacks Pondosa-pine stock, in service; second, it was desirable to have a 
fungus that would he fairly sensitive to varying concentrations of pre- 
servative. Tests carried out by Schmitz (12) and Eichards (10) indicate 
that L. sepiaria would give satisfactory results. 

Oharact eristics of wood ttsed in tests: Pour pieces of western yellow or 
Pondosa pine were selected from which to secure the water-soluble extracts 
to he tested. These pieces were: 

1. Kiln-dried heartwood. 3. Air-seasoned heartwood. 

2. Kiln-dried sapwood. 4. Air-seasoned sapwood. 

Care was used in selecting the stock to secure pieces of normal Pondosa 
pine, and all pieces were taken large enough to allow" for any varying densi- 
ties within the wood. Any pieces with pitch pockets, decay, knots, or 
blemishes of any kind were thrown out. 
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The number of rings per inch was then determined for each piece, as a 
large number of rings per inch sometimes indicates a dense wood. Within 
a given species the denser the wood, the more resistant it is to decay (15). 
To determine the moisture content and the specific gravity of each board 
used for each type of wood floor, an inch block was taken from the exact 
center of each. This position tends to give a truer average for the board. 

Standard methods were used to compute the percentage of moisture and 
the specific gravity of each block (8). 

Preparation of water-soluble extracts: The sawdust was ground into 
wnod flour of such fineness that it passed through a 0.5 mm. sieve. Hot- 
and cold-water extracts were then prepared by weighing out duplicate sets 
of 300 gm. of each kind of wood flour ; 3,000 ec. of distilled water at room 
temperature was then added to the one sample, and the same amount of 
boiling, distilled water was added to the duplicate. The cold-water sample 
was stirred intermittently^ and allowed to soak for 48 hours. At the end 
of this time, which was deemed long enough to leach out all water-soluble 
extracts from such fine particles of wood flour, the extract was drained 
off and the wood flour washed with 6,000 cc. of cold, distilled wash water, 
added to the soaking water. The hot-water sample was allowed to soak in 
a boiling-water bath for 3 hours, and then it was washed with 6,000 ce. of 
boiling, distilled water and the wash waters added to the soaking water. 

The cold- and hot-water extracts were then passed through filter paper. 
The filtrate w^'as evaporated down to 300 cc. at a temperature never exceed- 
ing 70° C. One cc. of filtrate, then, represented the amount of extract 
secured from 1 gram of wood flour. The extracts, with the exception of 
the kiln-dried and air-seasoned cold-treated heartwoods, filtered readily in 
from 2 to 12 hours. The two exceptions filtered slowly, requiring, respec- 
tively, 5 and 8 days. 

No precipitation occurred in any of the filtrates before they were 
evaporated down. No distinct discoloration of any of the filtrates was 
noticeable. Each showed a slightly cloudy appearance, with a faint 
grayish to yellowish green tinge. As the filtrates were evaporated down 
to 300 ee., precipitates appeared. The amount and color of the precipi- 
tates varied with the type of filtrate. 

DISCUSSION OF WATER-SOLUBLE EXTRACTS 

The wood flour showed a slight darkening of the original color after 
having been treated with hot or cold water. Before treating, the kiln-dried 
heartwood showed a slightly darker light buff color than the air-seasoned 
heartwood. There was no difference in color between the kiln-dried and 
air-seasoned sapwood, either before or after treating. 
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111 every instance tlie extracts from cold-treated wood flour were darker 
than tke extracts from the corresponding hot-treated w^ood flour. Kiln- 
dried sapwood extracts were darker than the kiln-dried heartwood extracts 
and the same was true for the air-seasoned sapwmod and heartwood extracts. 
The precipitates from the hot- and cold-treated kiln-dried heartwood and 
the hot-treated air-seasoned sapwood were the >same color as the solution of 
the respective extracts. In all of the other extracts the color of the pre- 
cipitate varied from that of the solution. 

The amount of water-soluble material removed from the wood flour by 
the hot- and cold-water treatments was determined by measuring out 5 ce. 
of the extract in a w^atch glass. This sample was evaporated to dryness at 
a temperature of about 40° C. The residue was then w^eighed and the orig- 
inal volume (5 ce.) divided by the weight of the residue, since 1 ce. of the 
extract represents 1 gm. of wood flour, and this result, times 100, gave the 
percentage of water-soluhle substance removed from the wood. 

The amonnt of water-soluble material removed from each of the various 
extracts 'was as follows ; 


Koi treated Cold treated 

Kiln-dried heartwood 0.1165 gm. or 2.33% 0.056 gin. or 1.12% 

Kiln- dried sapwood 0.079 0.045 “ d.9 

Air-seasoned heartwood 0.180 ^^3.6 0.089 ''1.78^' 

Air-seasoned sapwood 0.119 ^'2.38^' 0.063 '' "1.26" 


The hot-^vater treatment removed more ivater-soluble material from both 
the heartwood and sapwmod than was removed by the cold-water treatment. 
Approximately twice as much material was dissolved by the hot w^ater. 
The heartwood of the kiln-dried stock contained about a third more water- 
soluble material than the kiln-dried sapwood. The same w^as true of the 
air-seasoned heartw^ood and sapw^ood. This was to be expected since the 
densities of the heartwood ivere considerably greater than those of the 
sapwHods. 

Litmus tests of the different extracts gave a slightly acid reaction for 
the hot- and cold-treated air-seasoned sapw^ood. The other extracts gave 
no reactions, whatever. 

TOXICITY TESTS 

Methods rTlie toxic qualities of each of the extracts wuue tested by the 
Petri-disli method. (2). A malt-agar medium w’-as used. Coneentrations 
of 10, 25, 50, 75, and 100 per cent of each of the extracts were prepared for 
the tests. Each of these concentrations was prepared in series of 5, so that 
the results -would represent the averages of a large number of Petri-disli 
tests. Therefore, the results in this paper are based on a total of 240 
Petri-dish cultures. 
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For the 10 per cent and 25 per cent concentrations a 1.5 per cent malt- 
agar medium was used. The malt agar consisted of 1,000 cc. of distilled 
water, 25 gm. of Trommer’s malt extract, and 15 gm. of bacto-agar. The 
medium used for the 50 and 75 per cent concentrations was a 3 per cent 
malt-agar solution consisting of 1,000 cc. of distilled water, 25 gm. of 
Tromnier’s malt extract, and 30 gm. of bacto-agar. A 3 per cent malt- 
agar medium was used for the 50 and 75 per cent concentrations instead 
of the 1.5 per cent medium, so that the concentration could be gelatinized. 

The 10 per cent concentrations consisted of 2 cc. of wood-flour extract, 
1 cc. of distilled water, and 17 cc. of 1.5 per cent malt agar. The 25 per 
cent concentrations consisted of 5 cc. of wood-flour extract and 15 cc. of 
malt agar; the 50 per cent concentrations of 10 cc. of wood-flour extract 
and 10 cc. of 3 per cent malt agar; and the 75 per cent concentrations of 
15 ee. of wood-flour extracts and 5 cc. of 3 per cent malt agar. The 100 
per cent concentrations consisted of 20 cc. of wood-flour extract. 

The various concentrations were measured out in test tubes, plugged 
with a cotton plug, and sterilized at 100° C. for 30 minutes on 3 successive 
days. Bach tube was then shaken thoroughly, so as to secure a thorough 
and even mixture, and then poured into a Petri dish. Great care was taken 



Percenfas^ Co/jcenfrat/of? o'-F fxFroct'S 
Pig. 1. Toxicity curves showing relative toxicity of the various water-soluble extracts 
of Pondosa pine based on the growth made by Lemites sepiaria 
on different concentrations of the extracts. 
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to keep aU dishes free from contamination. All contaminated dishes were 
discarded. 

Eacli disli was then inoculated with a 0.5 cm. square of a fresh vigor- 
ously growing culture of L&'nzit&s sepidt^ici. The culture of the fungus was 
secured from a transfer in possession of Dr, E. E. Hubert, Forest Products 
Laboratory, Moscow, Idaho. The culture was originally obtained from a 
hemlock log at the Forest Products Laboratory, Madison, Wisconsin. The 
inoculum "was grown on a 1.5 per cent malt-agar medium. 

To determine the exact effect of the extracts on the growth of the 
fungus, a series of 5 controls was made for each type of extract. 
The medium of the control dishes consisted of 20 cc. of 1.5 per cent, malt 
agar. 

The cultures were then placed in a cultnre case and allowed to grow 
until the fungns reached the edges of the Petri dish. The culture case was 
kept at a temperature of about 22° C. Measurements of the diameter 
growth were taken at various intervals. To secure a correct growth read- 
ing of each dish, two measurements were taken at right angles to each other 
and averaged. The controls required approximately 22 days to reach the 
edges of the Petri dishes. 

GROWTH OP CULTURES 

Some of the cultures showed no growth, whatever. After 10 days, to 
determine whether the fungus had been killed or growth merely inhibited, 
a transfer was made from those cultures showing no growth and placed on 
a test-tube slant of 1.5 per cent malt agar. All of the cultures that failed 
to grow, and are marked with (^), in table 1, recovered within 3 weeks 
when transferred to slants ; growth was merely inhibited. Those cultures 
marked with (*’) failed to recover; in these eases the fungus was killed by 
the toxic properties of the extracts. The 100 per cent concentrations of 
hot-treated air-seasoned sapwood and hot-treated air-seasoned heartwoocl 
were the only two extracts that actually killed the fungus. 

Photographs were taken of representative cultures of the concentrations 
of the different types of water-soluble extracts. The plates of each concen- 
tration selected for photographing showed a medium condition of growth 
and were typical for that concentration. Figure 2 shows these cultures, 
together with the control plate of 1.5 per cent malt agar. They give a com- 
prehensive comparison of the growth of the fungus and the characteristics 
of the growth, especially as to its luxuriance, diameter growth, subgrowth, 
and evenness. 

The growth of Lenmies sepiaria on pure malt agar tends to form 
a raised ring’ of aerial growth of an inch radius about the inoculum. The 
aerial mycelium is white to gray and tinged with yellow, as it ages. Tlie 
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culture tends to show a hunchy rather than a uniformly even growth of 
mycelium. 

The percentage of retardation of the growth made by the culture was 
secured by dividing the growth of the culture by that of the growth on the 
control and subtracting the result from 1 and multiplying by 10 D. 



Fig. 2. Photograph showing growth of Lensites sepiaria made on control of 1.5 
per cent malt agar and on various concentrations of hot-water-soluble extracts obtained 
from the heartwood of air-seasoned western yellow pine. ISTos. 1, 2, 3, 4, and 5 repre- 
sent the growth on concentrations of the extracts of 10, 25, 50, 75, and 100 per cent, 
respectively. 

The growth of the fungus on the concentrations of the various 'water- 
soluble extracts and also the percentage of retardation are tabulated 
in table 1. The curves in figure 1 are based on the growth data in table 1. 
The graph shows the relative toxicity of each type of extract as removed 
from the wood of Pondosa pine. 

Of all the extracts, the hot-treated air-seasoned heartwood extract was 
the most toxic to Lenzites sepiaria. The 10 per cent concentration showed 
a retardation of 41 per cent, and the 25, 50, and 75 per cent eoneentratioiis 
showed a total inhibition of the growth of the fungus. The eold-treated 
kiln-dried sapwood showed the least toxicity to the fungus. 


TABLE 1.^ — Growth and pereentafje retardation of Lensiies sepiaria on the variouH concentrations of the water-soluMe extracts 

of Fondosa pine after 22 days 
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^ Fungus transferred to malt-agar slant recovered, 
h Fungus transferred to malt-agar slant failed to recov< 
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Tlie plotted growth data bring out clearly that in every case the hot- 
water extracts of western yellow pine are more toxic to Lenziies sepiaria 
than the corresponding cold-water extracts. 

No very marked difference was noticeable between the toxicity of the 
heartwoocl extracts and the corresponding sapw^ood extracts. This was to 
be expected, since there is not a great deal of difference in the durability 
of western yellow pine heartwood and sapwood. The hot-treated air- 
seasoned-heartwood and the cold-treated kiln-dried-heartwood extracts are 
more toxic than the corresponding sapwood extracts. The hot-treated kiln- 
dried-heartwood extract is slightly less toxic than the hot-treated kiln-dried- 
sapwood extract. This may be accounted for by the fact that, due to 
trouble in controlling temperatures, the cultures of the hot-treated heart- 
wood extract were grown at a temperature of about 27'' C., which is per- 
haps the optimum temperature for the growth of Lenzites sepiarm. After 
temperature troubles had been adjusted all cultures were grown at 22° C. 

The cold-treated air-seasoned-heartwood extract shows a lower toxicity 
than the cold-treated air-seasoned-sapwood extract. This seems to be at 
variance with the work done by Hawley, Fleck, and Richards (3) and 
Sow^der (13), in wdaich the heartwood extracts were found to be more toxic 
in every case than the corresponding sapwood extracts. This reversal can 
be accounted for only on the assumption that, since the heartwood and sap- 
wood probably did not come from the same tree and since there seems to 
he so little difference between the toxicity of the heartwood and sapwood 
water-soluble extracts, the variance may be ■within the limits of individual 
characteristics of the wood from different trees. 

The work of Hawley, Fleck, and Richards (3) shows that in species 
where there is little difference between the durability of the heartw^ood and 
the sapwood there is also little difference between the toxicity of eorre- 
spondiiig heartwood and sapwood extracts. 

After plotting the growdli data it was noticed that the water-soluble 
extracts obtained from air-seasoned wood showed a slightly greater toxicity 
to Lenzites sepiaria than the correvspondiiig kiln-dried extracts. This 
would seem to indicate that the temperatures used in kiln drying western 
yellow pine may have a slight effect on the chemical properties of the wood. 
It may be that certain elements in the Avood are volatilized. 

STUDY OF THE WATER-TREATED WOOD FLOUR 

Methods: To determine to what extent LenzUes septaria can grow on 
the water -treated wood flour of Pondosa pine, a series of toxicity tests iras 
carried out. The wood flour was first dined to a constant weight at a tem- 
perature of 100° C. This required about 48 hours. It was then weighed 
out ill samples of approximately 4 gm. each and in series of 5. The sani- 
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pies were placed in 150 ec. wide-month, flat-bottom extraction flasks 
of known weights. To And the exact effect of the fnngtis on the treated 
wood flour a series of controls of untreated wood flour was made and 
handled exactly the same as the treated wood-flour samples. 

Twenty-five ce. of sterile distilled water were added to each flask. The 
flasks were next inoculated with a vigorously growing culture of Lenzites 
sepiaria and each flask was then plugged with a cotton plug. To keep the 
loss of moisture through the plug at a minimum the mouth of each plugged 
flask was covered with waxed paper and tied securely. The flasks were 
then placed in a culture chamber and incubated for a period of 5 months 
at approximately 22° C. After 3 months it was noticed that the cultures 
were becoming dry, so 5 cc. of sterilised distilled water were added to each 
flask. Table 2 gives the approximate amount of mycelial growth visible on 
each culture and the average percentage loss of weight for each type of 
wood flour. 

The percentage loss of weight ^vas computed by dividing the loss in 
weight of the oven-dry wood flour at the end of the incubation period by 
the original oven-dry weight of the wood flour. 

Discussion of Besulis: The data of table 2 show that the saj)wood of 
Pondosa pine has less resistance to Lenzites sepiarid than the heartwood. 
The mycelial growdh was slightly better on the sapwood cultures than on 
the heartwood cultures. 

The percentage loss of weight based on the original oven-dry weight of 
the wood flour should be greater for hot-water-treated samples than for the 
corresponding eold-'water-treated samples, because more of the toxic water- 
soluble material was removed by the hot-water treatment. The loss of 
w^eight of the hot-treated kiln-dried heartwood is slightly more than the 
corresponding cold-water-treated kiln-dried heartwood. The same is true 
for the hot- and cold-air-seasoned heartwood. Both the hot- and cold- 
treated air-seasoned sapw^ood samples and the control show a larger loss of 
weight than any of the other types of wood flour. The water-soluble ex- 
tracts of the air-seasoned sapwood gave an acid reaction and, since 
the growth of fungi is favored by a slightly acid medium, this may account 
for the good growth of the fungus on the air-seasoned sapwood. 

The kiln-dried sapwood cultures show an actual retardation of Lenzites 
sepiaria by the water treatment and do not correlate with the results of the 
toxicity tests of the w^ater-soluble extracts. The growth of the cultures was 
irregular. Of the 10 cultures, 3 showed no mycelial growth, 4 showed a 
little growth, 2 showed medium, and 1 flask had good growth. No reasons 
can be given that w’ould account for the results obtained in this set 
of cultures. 
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TABLE 2. — Groivth of Len^iies sepiaria on tJie treated ivood flour of Fondosa pine 


Water 

treatment 

Wood flour treated 

Visible 

mjeelial 

growth 

Percentage loss 
of weight based 
on original 
oven-dry weight 

Basis no. 
of tests 

Hot 

Kiln-dried lieartwood 

Medium 

12.6 

5 

Cold 

f f 

Slight 

10.5 

5 

Control 

1 ( 



{ c 

11.8 

5 

Hot 

Kiln- dried vsai3wood 

i c 

4.6 

■ 0 

Cold 

( ( 

Medium 

10.6 

o 

Control 

C ( 

Good 

24.0 1 

5 

Hot 

Air-seasoned lieartv/ood 

Medium 

13.1 j 

5 

Cold 

( c 

Slight 

8.6 

5 

Control 

c c 

( c 

14.6 1 

5 

Hot 

Air-seasoned sapwood 

Medium 

17.4 1 

5 

Cold 

f f 

( i 

19.9 

o 

Control 

1 c 

i ( 

16.6 

5 

1 

Total 




1 m 


The toxicity of the water-soluble extracts of Pondosa pine is low, and, 
to secure reliable results from toxicity experiments with hot-aiid eold- 
water-treatecl wood flour, it will be necessary to run a much larger series 
of tests than it has been possible to run in the preparation of the data for 
this paper. It would also be advisable to incubate the wood-flour cultures 
for a longer period than time allowed in this study. 

SUMMARY 

1. The hot-water extracts of Pondosa pine are more toxic to Lenmtes 
se 2 naria than corresponding cold-water extracts. 

2. In general, the water-soluble-heartwood extracts seem to be slightly 
more toxic than the corresponding sapwood extracts, but no pronounced 
difference in the relative toxicity of the tw’o t^’pes of extracts W’as noticed. 

3. The water-soluble extx*acts obtained from air -seasoned material w-ere 
more toxic to the fungus used than corresponding water-soluble extracts 
obtained from kiln-dried material. This would indicate a loss of certain 
volatile materials toxic to L. sepiaria brought about b 3 ^ the temperatures 
used in kiln drying Pondosa pine. 

618 Realty Building, 

Spokane, Wash. 
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HETEROTHALLISM IN PHYTOPHTHORA^ 

Leo IT H. LeojStian 


Asliby (1) was tliB first to observe that wben a strain of PhytophiJiora 
faheri Manbl. w-as grown witli a strain of P. palmivora Butler or of P. para- 
sitica Dastiir, oospores developed, while no such bodies formed when it was 
grown alone. He suggested the possibility of heterothallism in P, faheri. 
Gadd (8) substantiated Ashby’s findings and strongly subscribed to the 
theory of heterothallism. However, Lester-Smith (10) discarded the pos- 
sibility of heterothallism and suggested that oospore production in paired 
cultures was due to a biochemical stimulation of the one strain by the other. 
Ashby (3) in a later work inclines towards the hypothesis advanced by 
Lester-Smith and subordinates heterothallism to autogamy; he considers 
chemical changes caused by the association of' two different strains as being 
the chief underlying factor in the production of the sexual bodies. Nara- 
simhan (11) has recently demonstrated that of the 7 Phytophthora cultures 
(presumably P. palmivora) collected by him and tested under laboratory 
conditions, 4 belonged to one sex and 3 to the other. Ydien grown by them- 
selves or when paired with strains of the same sex, no oospores resulted. 
Similarly, when P. parasitica or P. meadii McRae were grown with P. arecae 
(Golem.) Peth,, oospores formed, but no such bodies could be found when 
these cultures were grown by themselves. 

All clear-cut cases of heterothallism in Phytophthora have been reported 
in the Phytophthora oninivora group. Clinton’s (7) claim that he obtained 
hybrid oospores by growing P. infestans de Bary and P. phaseoli Thaxt. to- 
gether is not conclusive, especially in view of the fact, as shown later in 
this paper, that the size of oogonia and oospores in the first-generation 
crosses is controlled by the female strain and that the antheridial strain has 
little or no influence on the size of these bodies. Furthermore, P. phaseoli 
is hoinothallic and produces great, numbers of oospores in pure cultures; 
P. infestans is also homotliallic, at least in so far as our present knowledge 
goes, but forms its sexual organs only sporadically and quite sparsely. It 
is, therefore, very difficult, if not impossible, conclusively to demonstrate 
that hybridization can be brought about between these two species, unless 
one is able to germinate the oospores and to follow the morphology and the 
behavior of the second-generation hybrids. The same thing applies to 
alleged crosses between P. infestans and P. cactorum (Con. & Leb.) Schroet. 
If one or the other of any paired culture happens to he homotliallic, all 
claims about hybridization or possible mutual stimulation lose their signifi- 

1 Published with the approval of the Director, West Virginia Agricultural Experi- 
ment Station. 
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cance. Asliby’s (2, 3) statement that he observed large oospores when 

cinnamoini was grown with P. parasiiicu and (4) with P. c^^i^togea 
Peth. & Laff. or P. richardiae Biiism. should not be accepted as sound evi- 
dence in support of either lieterothallism or the biochemical stimulation 
theory. All three of these species are homothallic; Ashby (5), himself, has 
observed oospores in pure cultui'es of P. cinna/nioMi Rands; all vStrains of 
this species, so far examined by the writer, seem to be homothallic. Rela- 
tive abundance of such bodies is not at all significant, especially when one 
is advocating the hypothesis that heterothallism is not the controlling factor 
in oospore production and that the solution of the phenomenon is to be 
sought in biochemical stimulations. 

The present paper is an eifort to extend a little farther our knowledge 
on heterothallism in Phytophthora. Much remains to be clarified and more 
fundamental research on a larger scale is essential before indisputable con- 
clusions can be proposed. 

It was realized at the beginning that no conclusive data could he pre- 
sented without employing a large number of strains in the experimental 
work. Accordingly, some 85 cultures of the FJiytopliiliora omnivira group, 
occurring largely in the Tropics, were collected and paired in hundreds of 
cultures. It soon became evident that variability was as great a factor in 
the sexual relationships of these fungi as it is in morphological characters 
and in physiological reactions. Eventually four distinct groups were segre- 
gated: 1, homothallic; 2, heterotliallie ; 3, inconstant; and 4, neutral. The 
forms of the inconstant group were at times heterotliallie and at times 
neutral; when paired 'with the proper sex they sometimes formed oospores 
and sometimes they did not. The neutral forms produced no oospores, 
regardless of 'whether they were growm with male or female strains. After 
the organisms belonging to the first, third, and fourth groups were elimi- 
nated, 48 cultures still remained. One-half of these consisted of males and 
the other half of females. Any of the male strains when mated 'vdtli any 
of the female strains gave rise to oogonia, whereas males paired with males 
and females with females, or else males or females grown by tliemselves, 
failed to produce any oogonia. 

Oatmeal agar in Petri dishes was used throughout this work. Many 
other agars 'were tried and discarded as they failed to induce sexual bodies. 
It makes no difference how the two pieces of inoculum are planted in the 
dish; they may be planted together in the same spot or they may be planted 
any distance apart in the dish; oogonia will form whenever the two hyphae 
of opposite sexes touch or mix. 

The heterotliallie strains of Phytophthora here studied are classified 
in the following table according to their sexuality and origin. In ease of 
some strains there are no data available as to their exact origin and hosts ; 
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however, they are all tropical forms, and there is no doubt concerning their 
taxonomic status. While all organisms listed in this table belong to 



Fig. 1. Sketch of an oatmeal-agar culture of a second-generation transfer, P%- 
iophthora palmivora IxP. palmivora 2. Shaded region represents the oogonia-hearing 
sector, while the unshaded region consists of a pure culture of P. palmivora 1 hearing 
no oogonia. 

TABLE 1 . — Male and female strains of Fliytophthora o?n7iivora^ 




Female strains 


Male strains 

p. 

fal)eri 4, 

coeoanut 

P. 

faleri 1, coeoanut 

p. 

“ 5, 

papaya fruit 

P. 

££ 2 

p. 

“ 6, 

coeoanut 

P. 

££ 3^ £i 

p. 

it 7 


P. 

'' 8 

p. 

'' 10 


P. 

9 

p. 

14 


P. 

‘^11 

p. 

palmivora 

1, coeoanut 

P. 

12 

p. 

C £ 

4, Borassus 

P. 

13 

p. 

{ £ 

9 

P. 

15 

p. 

2)arasitiea 

1, tomato, Morgantown, 





W. Ya. 

P. 

16 

p. 

£ £ 

2 

P. 

palmivora 2, coeoanut, Porto Rico 

p. 

£ ( 

4, Citrus, Philippines 

P. 

3, Sabal, Porto Rico 

p. 

£ { 

5, Hibiscus, Java 

P. 

‘ ^ 5, grapefruit, Porto Rico 

p. 

i £ 

7, Bryophyllunx, Porto 





Rico 

P. 

6, Hevea 

p. 

£ £ 

S 

P. 

7, Ashby ^s strain 

p. 

.£.£ 

10 

P. 

££ 8 

2A 

it 

11, Bryophylluni, Bermuda 

P. 

parasitica 3, eggplant, Philippines 

P. 

i £ 

13 

P. 

6, tomato, Porto Rieo 

P. 

i £ 

14 

P. 

9, Yigna, Java 

P. 

£ C 

15—11, III, IV, Y, YI, 





VII 

P. 

12 

P. 

£ C 

16 

P. 

15—1 

P. 

£ £ 

17 

P. 

IS 

P, 

ierrestriSj 

Sherhakoff ^s strain 

P. 

££ x9 

P. 

manoamaj 

Sideris^s strain 

P. 

nicotianae, Holland strain 


a Most of the organisms listed in this table were secured from €. M. Tucker, Carl 
Hartley, American Type Culture Collection, and Centraalbureau voor Scliimmeleultures, 
Baarn, Holland. 
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iopli-tliora omnivora group, their older names are retained here for the sake 
of eonYenience in making comparisons. 

One interesting thing brought out in the foregoing table is that of the 
7 dissociants of PhyiophtJwra parasitica 15, 6 are female and 1 is male. As 
these 7 strains were separated long before their sexual or heterothallie 
tendencies were tested, the writer has no direct evidence to show the exact 
sex of the original strain; however, since only 1 strain of the 7 is male, it 
is safer to assume that the sexual tendency of the original culture was 
toward femaleness. All 6 of the female strains are sparse oogonia formers, 
which seems to indicate that their femaleness is not very pronounced; but 
the 1 male strain has a strong male tendency and wdien mated with such a 
prolific female as P. palmivora 1, it is able to supply all the antheridia that 
this female strain needs for its numerous oogonia. It may be stated that 
the original culture might have been a mixture of two organisms and that 
P, parasitica 15 — I was an entirely different culture from the other 6; this 
is possible but not probable. It still remains to be demonstrated that 2 
distinct strains of any given species can be carried together in pure culture 



Pig. 2. Upper right, I^hytophthora parasitica 15; lower right, P. palmivora A: 
pure enltures showing^ the growth hahit of these two fungi. Upper middle, mixed cul- 
ture; P, parasitica 15 has outgrown P. palmivora 4, the latter appearing as a faint 
growth HI the center of the colony; lower middle, P. palmivora 4 has outgrown P. para- 
lo. Left row, P. parasitica 15 and P. palmivora 4 splitting apart. In ease of the 
middle two and the left two cultures, transfers were made directly from the oogonia- 
bearing regions in oatmeal agar, to plates of malt-extract agar 
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for any lengtli of tinie. Usually after 1 or 2 transfers one or tlie other 
strain will be left behind. (Figs. 2 and 3.) (Also note similar phenomena 
observed by the writer (4) in ease of Fusarium moniliforme.) Thyto- 
pMhora i^arasiiica 15 has been in pure culture for many years and has been 
transferred from plate to plate and from tube to tube so many times that 
the likelihood of a simultaneous transfer and subsequent harmonious growth 
of two different strains of fungi is extremely remote. Furthermore, all 
seven strains of this fungus show almost identical reactions and many points 
of close similarity and constitute, in all probability, the different dissociants 
of the same fungus. Since almost every morphological and physiological 
characteristic of a given fungus may be materially altered by the dissocia- 
tion phenomena, there is no reason to suppose that sexuality constitutes an 
exception. 



Pig. 3. Seeona-generation transfers from oogonia-bearing regions on oatmeal agar 
to malt-extract agar, Phytophthora faberi IxP. parasitica 5. Upper picture, P. faheri 
1 sectoring away from P. parasiiica 5. Lower left, P. fdberi 1 bas outgrown P. para^ 
sitica 5; the latter can be seen as a small growth confined to the center of the colony. 
Lower right, P. parasitica 5 has completely outgrown P. faheri 1. 
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The oog’onial and the antheridial strains were identified by the following 
method : oatmeal-agar plates were poured and sterilized. After the agar 
hardened, a strip about 1 cm. wide was cut away through the center of the 
plate, thus leawiiig a channel that separated the two halves of the oatmeal 
agar. These two halves were then inoculated by transferring one strain to 
the one half and the opposite strain to the other half. A sterilized trans- 
parent agar consisting of 5 gm. of dry malt extract, | gm. each of mag- 
nesiniii sulphate and diliydrogen potassium phosphate, and 20 gm. of agar 
agar in 1,000 ec. of distilled water was poured into this channel and allowed 
to harden there. As the hyphae from the two halves of the oatmeal agar 
grew into this transparent agar, met there and formed their oogonia, the 
plates were inverted under the microscope, and the oogonial branch was 
located and then traced to its source. The malt-extract agar alone is unable 
to induce oogonia ; in fact, the opposite sexes often repel each other if grown 
on this agar. But, when the hyphae were allowed to feed on oatmeal, the 
carrying-over effect of the substance essential for oogonial production was 
sufficient to induce the formation of such bodies on the transparent agar. 
This carrying-over effect has a radius of about 1 cm., beyond which no 
oogonia form. This was demonstrated by the following method : malt- 
extract agar was poured in Petri dishes and sterilized; after it hardened, 
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large discs were cut away from the center of the plates by means of a cork 
borer with an opening of 2^ cm. The vacant circular area thus formed 
was filled with sterilized oatmeal agar and inoculated with the male and 
female strains. Oogonia formed not only in the oatmeal agar but also in 
the surrounding malt-extract agar for a radius of 1 cm. around the oatmeal. 



Pig. 5, Upper row, sporangia of Fhytophthora palmi'vora 2 ; middle row, siiorangia of 
P. pa?'asit‘i^a 14: j lower row, oogonia. Note that some of the 
oogonia possess two and three antheridia in a row. 


Aside from the evidence of direct niicroseopic examination, two indirect 
methods were used to substantiate the microscopic determination. The 
size of oogonia is controlled by the female strain; a given female strain, 
which produces only small oogonia, will contiime to do so no matter with 
what male strain it is mated. For instance, Phytophihora palmword 4, 
when mated with any of the male strains, forms oogonia that measure 35 p ; 
whereas, P. parasitica 14, mated with the same male strains, will form 
oogonia that will average not more than 28 p (Fig. 6). This is indirect 
but substantial evidence that P. palmivora 4 or P. parasitica 14 are the 
oogoiiia-forming strains and that any strain that can react with these must 
be male. The relative quantity of oogonial production is another safe in- 
dicator of sex. For instance, P. palmwora X when mated mth any of the 
opposite strains, forms countless oogonia ; whereas, P. parasitica 2, mated 
with the same male strains, invariably gives rise to few oogonia. The 
logical assumption, therefore, is that P. palmwora 1 and P. parasitica 2 
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are oogonial strains and all enltures that will react to them to form oospores 
must be antberidial strains. 



Pig. 6. Oogonia of Phytophthora palmivora 4 and of P. parasitica 14. Left eolmnn, 
P. palmwora 4 mated with P. fa’beri 2 (9 x 5), P. fdberi 1 (9 x 4), P. falteri 13 (9 X 42), 
P. palmivora 6 (9x18), and P. parasitica 18 (9x71). Bight column, P. parasitica 14 
mated with P. falyeri 2 (32x5), P. pal'mivora 2 (32x2), P. faleriJ 13 (32x42), P. 
fa'beri 11 (32x40), and P. parasitica 18 (32x71). ,,Hote the uniformly larger-size 
oogonia of P. pa'l'mivo7'a 4 and the uniformly smaller-size oogonia of P. parasitica 14. 
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The first sexual bodies to form in paired eultures are to be found along 
the line where the two opposite hyphae first come together. The oospores, 
however, do not, by any means, confine themselves to this narrow region 
but gradually spread out and eventually may cover the entire plate. This 
indicates that the mycelium of one strain can grow readily into a region 
already occupied by the hyphae of the opposite strain. 

Age of the mycelium is not a limiting factor in oogonial formation; 
fusion will occur if either young or old hyphae of the opposite sexes are 
brought together. This was demonstrated by the following method: oat- 
meal-agar plates were poured and sterilized; some of these were inoculated 
with the male strain alone, others with the female strain. One week later 
the entire culture, either male or female, consisting of mycelium and agar, 
was removed from one plate and inverted over the culture of the opposite 
sex in another plate ; 2 and 3 weeks later the same thing was repeated with 
the remaining cultures. When examined, oogonia were found in all of the 
cultures thus treated. 



Pio. 7. Germination 0 : 1 ^ oospores of jPhytopJitJiorG pahnivora 4. The round bodies 
in 3 and 4 probably are secondary oospores. The germination occurs m situ; only a small 
percentage of tlie oospores, however, shows any tendency towards germination. 


Although, oogonia formed invariably w’henever the two opposite sexes 
were mated together, transfers made from such cultures did not always 
give rise to oogonia. This was tested with the most prolific eultures for five 
generations. In the first-generation transfers the percentage of eultures 
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having formed no oogonia was quite small. I^or the second generation 
transfers selections were made from cultures wliicli show^ed the greatest 
abundance of sexual bodies. This was continued until the fifth generation. 
It was noted that with each successive transfer the percentage of cultures 
showing no oogonia increased until, after the fourth-generation transfer, 
no oospores formed, even though a microscopic examination of the inocnlum 
in each case showed an abundance of plump, normahlooking oospores. 
Some of the cultures manifested a sharp sectoring (Fig. 1), one part of 
the colony being full of oospores and the other part showing none. Trans- 
fers made from this latter region gave rise to a pure colony of the female 
strain which, when subsequently mated with the same male strain, gave 
rise to an abundance of oogonia. This shows that constant association of 
the two sexes tends to bring about a temporary sexual incompatibility, so 
that, despite the intimate presence of the two sexes, no fusion takes place; 
there may even be an actual repulsion. Such a behavior may seem strange 
if we were to regard sexuality as a constantly vital and fundamental phe- 
nomenon in these organisms; but if we regard chemotropism as the basis 
of all heterotliallie and parasitic affinities, the foregoing behavior of the 
sexes will not seem quite so mystifying. Burgeff (6) has already advanced 
the hypothesis that certain species of Mucorales have become parasitic upon 
other species as a result of attempts to bring about hybridization. Assum- 
ing, therefore, that heterothallism can be explained on the grounds of 
cliemotropie affinities or parasitic tendencies, it will not be difficult to 
understand that sometime in the relationship of the two sexes periodic 
changes in the protoplasm of one or the other sex will bring about resis- 
tance against the advances of the opposite sex, so that sexual affinities are 
submerged and a temporary sexual neutrality is brought about. The con- 
stant asociatioii of the opposite sex will serve to uphold this neutrality; 
but when the two sexes are separated the former affinities once more come 
to the fore. This explanation may sound fanciful, but it has an analogous 
ease in the relationship of bacteria and bacteriophage where a constant 
association brings about a temporary immunity in bacteria towards the 
bacteriophage, but when this association is teimxinated the immunity 
disappears. 

THE EFFECT OF DYES ON THE GROW^TH REACTION OF DIFFERENT SEXES 

In order to find out if there is any correlation between sexuality and 
the growth reaction of the different strains of Phytophthora used in this 
work, two dyes, crystal violet and malachite green, were used in niiniite 
quantities. A nutrient solution was prepared consisting of the following 
ingredients: 2 gm. of protease peptone, 0.5 gm. each of dihydrogen potas- 
sium phosphate and magiiesiuni sulphate, 0.2 gm. succinic acid, 5 gm. of 
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dextrose, and 1,000 cc. of distilled water. This solution was separated into 
two lots ; to one was added enough crystal violet to give a proportion of 1 
part of the dye in 1,000,000 parts of the nutrient solution. To the second 
lot was added enough malachite green to give a proportion of 1 part of the 
dye in 2,000,000 parts of the nutrient solution. These were tuhed, 5 ee. of 
the solution in each tube, and sterilized. Transfer-s were made to these 
tubes from vigorously growing colonies in Petri dishes by cutting inocu- 
lum discs from the outermost edge of the colony by means of a cork borer 
of 4-mm. bore. Eeadings were made 2 weeks later. The results are given 
in tables 2, 3, and 4. 

The foregoing 23 organisms were the only ones unable to grow in the 
presence of 1 part of crystal violet in 1,000,000 parts of the nutrient 
solution. 

TABLE 2 . — Organisms unable to grov: in the irresence of 1 : 1,000,000 crystal violet 


Pemale strains Male strains 


p. 

fa-heri 4 

F. 

faheri 1 


p. 

5 

P. 

3 


p. 

6 

P. 

8 


p. 

7 

P. 

11 


p. 

10 

P. 

12 


p. 

14 

P. 

13 


p. 

palmivora 1 

P. 

'' 15 


p. 

4 

P. 

16 


p. 

parasitica 15 — III 

P. 

palmivora 

5 

p. 

16 

P. 

it 

6 

p. 

manoana 

P. 

£ i 

7 



P. 

i £ 

8 


TABLE 3 . — Organisms ima'ble to groic m the presence of 1: 2,000,000 malachite green 


Peinale strains 


Male strains 


P. faheri 4 

F. ‘f 5 

P. 6 

P. “ 7 

P. ^ ‘ 10 

P. palm iv ora 1 
P. 4 

P. ^ ' 9 

P. parasitica 5 
P. '' 16 


P. faheri 3 

P. 8 

P. 9 

P. ^ ' 12 

P. 13 

P. 15 

P, 16 

P. 2 

P. 6 

P. 7 

P. 8 

P. parasitka 15- 
P. 18 
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TABLE 4 . — Organisms able to grow m the presence of 1: 2', 000, 000 malachite green 


Eemale strains Male strains 


p. 

faberi 14 


P. 

faheri 1 


p. 

parasitica 

2 

P. 

palmivora 

3 

p. 

i c 

4 

P. 

nicotianae 


p. 

t { 

7 

P. 

parasitica 

6 

p. 

( i 

8 

P. 

C i 

9 

p. 

C i 

10 

P. 

{ c 

12 

p. 

( i 

13 

P. 

i c 

19 

p. 

i i 

14 




p. 

( { 

15, I, II, III, lY, 
Y, VH, YII 




p. 

( c 

17 




p. 

ter resir is 






The foregoing' three tables show that there is no correlation between 
sexuality and growth reaction of these organisms in the presence of minute 
quantities of crystal yiolet and malachite green. They also show that, 
generally speaking, Phyiophthora parasitica type strains are more resistant 
to dyes than P. faieri or P. palmivora types. However, it should be borne 
in mind that these two types are often interchangeable, whereby P. faloeri 
type may dissociate into P. parasiiioa type or vice versa, 

DISCUSSION 

A review of the observations by other workers as well as of the results 
shown in this paper leads to the conclusion that heterothallism, rather than 
any biochemical stimuli due to associations, is to be considered the chief 
factor involved in the production of oospores in the Phyiophthora omnivor a 
group. The chemical-stimulus hypothesis seems rather far fetched, and 
Narasimhan is correct in stating that ''this view does not explain wdiy 
oospores are produced only when certain strains are paired and no others ; 
nor does it explain the behavior of sexually neutral strains, either tempo- 
rary or permanent. Lester-Smith’s theory concerning ‘'a low rate of me- 
tabolism characterized by low water content and different ratio of food 
materials’" should be operative just as well Mdien only male strains are 
paired together or when only female strains are grown in mixed cnlture. 
One should be able to obtain oospores by pairing other species of Phyto- 
plithora, and species of other genera with either the antheridial or oogonial 
strains of these heterothallie fnngi. Until this is done or until oospores 
are prodneed readily and abundantly by the mere manipnlatioii of the 
environmental conditions, heterothallism will remain the only logical ex- 
planation. Ho^vever, the WTiter does not believe that the heterothallie 
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strains discussed in this paper are strictly unisexual. The potentialities 
of both sexes may he present in some or all of these strains. One sex, how- 
ever, is so much more dominant and the other so deeply submerged that 
the different strains behave as unisexual organisms. Just as numerous 
other characteristics may be carried in the protoplasm for a long time 
without being manifested and may only occasionally reassert themselves 
by sectoring away from the old colony, so, the opposite sex may be crowded 
away and inactivated. The curious periodicity in the oospore production 
of P. infestans and other species strengthens this view. Similarly, the 
behavior of the inconstant strains discussed in this paper, and the apparent 
sexual neutrality, even when the opposite sexes are in intimate contact, 
seem to indicate that sexuality is not a definitely fixed character but that 
it may depend on both internal and external environmental factors as well 
as on the introdnctioii of the opposite strains. 

Once the presence of heterothallism is definitely established, the ardent 
taxonomist is going to be confronted by a most disconcerting situation 
because then many of his so-called species will begin to totter and fall. It 
is going to make no difference wdi ether we call the phenomenon heterothal- 
lism or hybridization, the ultimate result will be the relegation into discard 
of a number of species that have cluttered the literature. Narasimhan (11) 
states that ''in the case of oospore formation induced by the union of 
P. arecae with P. parasitica, it would appear more probable that w^e have 
to do with hybridization.’’ When two cultures of Phytophthora, each 
possessing some more or less definite morphological distinction, unite to 
give rise to oogonia, such a union is more likely to he considered as true 
hybridization between two species rather than as heterothallism between 
male and female strains of the same species. A glance at figures 4 and 5 
is sufficient to substantiate such a consideration. When a strain, the largest 
sporangia of w^hich average not more than 45 p, mates with another strain 
whose sporangia average 85 or 90 p, the orthodox morphologist or the less 
experienced observer wull invariably subscribe to the hybridization theory. 
It is, how’ever, a well-knowui but poorly appreciated fact that sporangia 
are extremely unstable in tfieir morphology and exhibit startlingly radical 
modifications w'hen the parent cultures dissociate into variants. It is, 
indeed, very unfortunate that the significance of dissociations in taxonomy 
is not fully appreciated and is lightly waived aside by Ashby and others 
by the statement that an avoidance of the use of the kinds of nutrient 
media w’hich the writer has employed in his work will do away with such 
dissociations. Artificial suppression of some potential characteristic of a 
fungus is not going to assure us that such potentialities -will not constantly 
manifest themselves under the more complex natural conditions. We 
should, on the contrary, stimulate all efforts towards the tracing of the 
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full sphere of variability of any given organism. Otherwise, every disso- 
eiant that may appear in nature will he considered a new species or, at 
least, a new variety. Even if for the sake of upholding the sanctity of a 
hollow name we were to assume that Phyiophthora paZiniimra; P. fa'ber}, 
P. parasitica, P. icrrestris Sherb., P. mcotianae B. de PI., P. manoanct, P. 
meadii, and P. arecae are all true species, and when crossed in cultures the 
resulting oospores are true hybrids, we would still be unable to get away 
from the great taxonomic tangle that would result when such oospores 
germinate to give rise to their progenies. What would then be a pure 
species, what would be a hybrid, and what a new species ? On wdiat ground 
would they be separated and identified and who would attempt such a 
task! If we were to admit that any of the organisms listed in tlie fore- 
going table are hona fide species of one kind and that any other organism 
that will mate with any of the 48 enltnres listed here may be another good 
species, then any one who happens to isolate a given strain of Phytoxohthora 
would have the dilemma of a possible hybrid staring him in the face. Any 
normal fluctuation or any dissociative phenomena would appear like segre- 
gations of hybrid characters, and attempts properly to classify such, an 
organism would resolve into a hopeless task. 

No two of the foregoing 48 organisms are identical. In growth habit, 
in the nature of submerged hyphae, and in tlie size and sliape of sporangia, 
not to mention host relationships and numerous physiological dissimilari- 
ties, these organisms show some striking differences. What sort of prog- 
enies will result from the union of such strains? Since mating occurs 'with 
the greatest of ease under laboratory conditions, there is no reason to suj)- 
pose that the same thing will not take place in nature. The extreme varia- 
bility manifested by the Phytopliiliora omnivora; group ean be traced 
directly to this ready-mating habit. The writer has always maintained 
that such unstable characters as size and shape of sporangia are not of 
sufficient specifie value and that the specifie unit can be fashioned only 
from the combination of both morphological and physiological eliaraeter.s 
of not only one hiit of dozens of ‘‘type species. But even such a practice 
will lead us astray unless we be willing to allow a wide margin of varia- 
bility and to build our species concept on a g'-enerously flexible basis. Other- 
wise, if we insist on looking for some minor and even major differences 
between the different strains and on elevating such differences to the rank 
of specifie characters, then there will be a never-ending confusion. No two 
organisms are absolutely alike, not even when they originate from the same 
spore. There are too many cases showing that single-spore cultures give 
rise to amazingly different dissoeiants. A more tolerant spirit in taxonomy 
is the only guide to freedom from the rapidly complicating mycologieal 
catacombs. 
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summary 

1- Some 85 ciiltiires of Phyiophihora omnivofxi Y’ere tested. It was 
found that 48 of these were lieterothallic, equally divided into males and 
females, while the remainder were classified into inconstant forms that 
showed sexual reactions at one time and no reaction at other times, homo- 
thallic forms requiring* no other strain for the production of their oospores, 
and neutral forms showing no reaction no matter in what combinations 
they were mated. 

2. Once produced, oogonia cannot he perpetuated indefinitely through 
the continual association of the two mating forms, and in about five genera- 
tions no such bodies may form, despite the presence of both strains. Even 
in the same colony the male and the female strains may separate from each 
other, despite the most favorable conditions for copulation, 

3. There is no correlation between sexuality and ability to tolerate 
certain concentrations of dyes. 

4. None of the 48 strains should be considered a distinct species or 
even a variety. The phenomenon here exhibited is heterothallism and not 
hybridization. To admit the possibility of hybridization is to go towards 
greater taxonomic difficulties. 
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REPOET OP THE FOURTH ANNUAL COTTON-ROOT-EOT 

CONFERENCE 

AV ALTER N. Ezekiel,! D. G. Neales Paul R. Pawson-^and 
E,B, Reynolds! 

The fourth annual conference of workers wTio are eiigag'eci in the study 
of the cotton root rot caused by Phymaiotrichiim O7nnivo7'um (Shear) Dug- 
gar was held at College Station, Texas, on January 19 and 20, 1931. This 
conference, Avhich is part of the cooperatiYe attack on the root-rot problem 
by the United States Department of Agriculture and the Texas Agricultural 
Experiment Station, affords a yearly opportunity for the prompt presenta- 
tion of results secured during the previous year at the many laboratories and 
field stations Avhere Avork on the problem is under wa^^ The 46 papers pre- 
sented at this conference included results from 6 laboratories, as well as 
field and plat studies from 8 stations. A total of 34 plant pathologists, soil 
chemists, agronomists, botanists, and horticulturists took part in the discus- 
sions. Of this group, 18 devote full time to Avork Avitli root rot, while the 
remainder are connected Avith it on a part-tiiiie basis or in an administra- 
tive or adAusory capacity. 

Director A. B. Conner of the Texas station and Dr. OsATald Schreiner 
of the United States Department of Agriculture presided at the Aurious ses- 
sions. FolloAving an address by Director Conner on the purposes of the 
conference, the reports of experimental AAurk Avere presented ; these are 
summarized beloAV in their order on the program. 

LIFE HISTORY AND RELATED STUDIES 

Physiologic specialization of the fungus, — D. C. Neal, Bureau of Plant 
Industry, reported that 6 isolations of Phymatofrichum omnivorum from 
Texas material shoAYed negligible differences in cultural eliaracteristies on 
artificial media or in soil cultures, while 1 isolation from Arizona was 
consistently light-yelloAv to pale-yelloAA' instead of ochraceous to buff. 
One isolation, apparently attenuated after prolonged groAvth on artificial 
media, lost the capacity to produce strand hyphae or sclerotia and yielded 
only fine AYhite strands and fluffy mycelial growth. Study of the reactions 
of the various strains to temperature, moisture, and acid or alkali tolerance, 
shoAved that optimum conditions for growth Avere similar for the entire 
group. 

1 Plant Pathologist, Texas Agrieultiiral Experiment Station. 

2 Senior Plant Pathologist, EiTision of Cotton, Rubber, and other Tropical Plants, 
Bureau of Plant Industry, XJnited States Department of Agriculture. 

3 Associate Biochemist, Soil Eertility Investigations, Bureau of Chemistry and Soils, 
United States Department of Agriculture. 

! Chief, Division of Agronomy, Texas Agricultural Experiment Station. 
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Physiologic forms differing widely in cultural characteristics were de- 
scribed by W. N- Ezekiel and J, J. Taiibenhaus, Texas station. On potato- 
dextrose agar and syntlietie media, those strains assigned tentatiyely to 
form 1 produce abundant aerial growth, typical buff strands, and sclerotia, 
while strains belonging to form 4 grow more sparsely, remain white even in 
old cultures, produce few strands with typical acieular branches, and do 
not produce sclerotia on any substrata yet tried. Forms 2 and 3 liave in- 
termediate cliaraeteristies. The forms have retained their distinctive char- 
aeteristics in culture for 2 years. They have not yet been tested for pos- 
sible differences in pathogenicity. Simultaneous inoculations of flask cul- 
tures with all possible combinations of 5 of the strains have failed to reveal 
any evidence of heterothallisni in the fungus or any suggestion of the nature 
of its possible perfect stage. 

Sclerotia and strands . — ^Neal reported that in soil of pH 6. 8-7.0, col- 
lected in the Mississippi Delta, inoculation with the fungus resulted in good 
growth and sclerotia production, suggesting that this disease might prove 
serious in the Mississippi Valley Cotton Belt, if once introduced. Cor- 
roborating previous results (3), the optimum moisture requirement for 
sclerotia production in Wilson-elay-soil cultures was found to be between 
30 and 35 per cent (dry basis). The average time for sclerotia formation, 
with the isolations studied, was 13 days. In soil cultures in the laboratory, 
approximately 95 per cent of sclerotia were still viable after 13 months, and 
a few after 22 nionths. In bottles buried, respectively, 24 and 30 inches 
deep in the field, no viable sclerotia were found after 8 and 9 months. Sele- 
rotia exposed in covei^ed Petri dishes and in caleium chloride desiccators, at 
room temperature (24° C.), were viable after 3| hours but not after 4 
hours. Exposure of sclerotia buried in moist, AYilson-clay soil in small 
boxes, to electric currents of 250 milliamp.-93 volts, and of 1 amp.-278 
volts, a.e., respectively, for 5, 10, and 15 minutes, did not affect subsequent 
germination of sclerotia (6, 7). 

Taubenhaus and Ezekiel described laboratory experiments in which sele- 
rotia were produced in soil chambers from naturally infected cotton-root 
inoculum brought in from the field at monthly intervals from January 
through December. In a field plat, previously free of root rot, sclerotia 
were found as early as August 10, coincident with the death of plants inoc- 
ulated only 39 days before, Sclerotia were found (9) in the field in 13 
eonnties of Texas ; in soils of 14 different types ; and in fields of infected 
cotton, sweet potatoes, garden and sugar beets, carrots, okra, and figs. 

B. F. Dana, Texas station, found in field plats at Temple, Texas, viable 
sclerotia that had survived a fallow period of more than 2 years. Strand 
sclerotia, which persisted in soil fallowed for 18 months after a cotton crop, 
were found most abundantly at depths of 12-18 inches. Strand sclerotia 
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from the field were used in successful inoculations of cotton iDlaiits. Scle- 
rotia from the field survived air drying* in the laboratory for 49 days in soil 
that dried to 8 per cent moisture by the end of the period, but sclerotia from 
the same lot did not survive 7 days' drying on filter paper. S. E. ’Wolff, 
Texas station, found large numbers of sclerotia in an excavation in virgin 
prairie (Houston black clay soil), at 3—21 inches deep, but the majority at 
4 inches deep, and associated with the roots of infected, perennial, dicoty- 
ledonous plants. No infection was found on grass roots. He observed spore 
mats in the prairie also. 

In experiments on the effect of cold on longevity of the fungus, Ezekiel 
and Taubenhaus used flask cultures containing masses of sclerotia that had 
been produced therein, agar slants that had just been seeded with individ- 
ual sclerotia, and young cultures derived from sclerotia. The cultures were 
stored in a freezing compartment at -13° to -14:° C., and periodic trans- 
fers showed that both the sclerotia and the cultures were still viable after 
24 hours but not after 39 hours. In similar series at 5° to 6° C., there was 
no loss of viability after 50 days. 

Spore .rtages . — Taubenhaus and Ezekiel reported that inoculations of 
susceptible ])lants with the Phymatotrichum spores proved unsuccessful 
during 1930, as previously. A Hydnum developed profusely not only 
along tlie sides of holes dug near cotton plants affected with root rot but 
also in holes dug in an area of the field -where root rot had not been found 
for at least 5 years. Cotton plants were inoculated with masses of the 
spines containing many basidiospores, and with, cultures, but no infection 
resulted (9), suggesting that this Hydnum is probably not a stage of 
Phymatotrichum omnivoruni. Dana noted the abnndant development of 
tlie Phymatotricbiim stage in Houston, Catalpa, and Crawford soil areas. 
Most of tlie spore mats were found on freshly cut banks of newly graded 
roads, but exposure to full sunlight did not prevent development so long as 
the surface of tlie ground remained moist. 

Studies on nutritional requ/irements of PhyniatotrUdium. omnivorum in 
arlijiciul cidture were presented by Ezekiel, Taubenliaus, and J. F. Fudge, 
Texas station. Tlie fungus grows in synthetic media, even the sclerotial 
stag(‘ d(‘V(lo|)ing in cultures in which the source of iiitrogeii was ammonium 
nitrate ami the source of carbon was dextrose. At a temperature of 28-29° 
(1, growth curves reaelied a peak in 5 iveeks with a substratuni high in dex- 
trose and in 3 weeks with one of lower dextrose content, the media becoming 
increasingly acid as colonies increased in, weight but tending toward alka- 
linity with later degeneration of the mycelinm. In media adjusted with 
phosphoric acid and potassium hydroxide, respectively, growth was pre- 
vented at pH 3 but not at pH 9, the greatest growffli occurring iix the some- 
-wliat alkaline substrata. Kequiremeuts for growth are a souree of nitrogen, 
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Yliicli may be eitlier organic or inorganic, a source o£ carbon, pliospliate, 
potassimii and inagnesimn or calcium, and possibly minute amounts of 
other materials (5). 

Hosi plants, — Wolff and Dana reported as additions to the host list 32 
iioncultiYated species and 35 species and varieties of ornamental plants. 
Examination at biweekly intervals of representative large populations of 
some winter annual plants, taken from known root-rot areas, showed 32 per 
cent infection on Sitilias multicmdis Greene on May 3, 1930, and 70 per cent 
on May 16, 4 per cent infection of Hamosa Niiitalliana llydb. on May 16, 
but none on Vida leavenwortkii Torr. & Gray. Ezekiel and Taubenliaus 
reported that the guayule, Parthennim argeniaium Gray an American 
rubber plant, is susceptible to root rot. 

Taubenhaus and Ezekiel (8) summaxuzed inoculation experiments with 
many monocotyledons, including corn and numerous liliaceous plants, none 
of which became infected, although the interplanted cotton, okra, and car- 
rot plants succumbed to root rot. Black lesions on the roots of many of the 
grass plants were cultured and invariably yielded other organisms instead 
of omnworiim. 

Further studies on the physiologic basis of resistance (5) were given by 
Ezekiel, Taubenhaus, and Fudge. PhymatotricJvwni omnivorum cultures 
averaged 5 times as much dry weight of mycelium in nondiluted, autoclaved 
extracts from roots of cotton plants (susceptible) as in corresponding ex- 
tracts from roots of corn plants (resistant), and the fungus growth was 
better also in various dilutions of cotton extracts than in dilutions of corn 
extracts. 

Some effects of root rot on host plants. — Ezekiel and Taubenhaus re- 
ported that leaves of cotton plants with root rot were 1° to 6° F., averaging 
3° F., wariiiBr than those of normal plants. Normal leaves were usually 
cooler than air temperature, while leaves of plants affected with root rot 
were only slightly cooler or often warmer than air temixerature (4). Peri- 
odic analyses of roots of cotton plants following infection with root rot 
showed decrease in the percentage content of sugars, with progressive in- 
crease ill ivater-insoluble proteins. 

Overwintering on live infected roots and cyclic periodicity of root rot . — 
Taubenhaus and Ezekiel reported successful inoculations of plants in July, 
1930, wutli naturally infected, overwintered 1929 cotton roots, and discussed 
the relation of overwintering of root rot on roots to the cyclic periodicity 
of the disease under field conditions (9). The fungus was found on the 
roots of plants during certain years, even though the tops of all the plants 
appeared normal. 

H. C. McNamara, Bureau of Plant Industry, described the reaiipearance 
of root rot in eoiitinuous cotton fields, in which the disease apparently had 
died out, since no plants had died there during the previous 4 years. 
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Dana and H. E. Rea, Texas station, found that the date of appearance 
of root rot and the loss from the disease were affected only slightly by dif- 
ferences in the date of lolanting cotton (2). 

STUDIES RELATING TO CONTROL 

Occurrence of root rot as related to soil conditions . — Taubenhaus and 
Ezekiel pointed out that root rot has now been found in soils of 30 series 
(9) and can no longer be considered peculiar to the Houston black clay 
soils. Root rot has not been found in the field on plants growing in defi- 
nitely acid soils. 

Progress of studies by the Bureau of Chemistry and Soils on the chem- 
ical characteristics of the soils of central Texas was outlined by Paul R. 
Dawson and E. R. Collins. Complete analyses have been made of a large 
number of soils. No outstanding chemical factor universally correlated 
with the presence or absence of root rot has as yet been disclosed ; however, 
in most instances, heavily infested areas are calcareous and alkaline (pH 
7-8.3), while root rot is less prevalent or absent in noncalcareous soils of 
neutral or slightly acid reaction (dowm to pH 6.0). 

Dana and Henry Dunlavy, Texas station, discussed local variations in 
the soil as related to natural occurrence of root rot. A deep Houston black 
clay soil, averaging 30.5 per cent soil moisture, appeared more favorable 
for root rot than a shallower Houston clay, which averaged only 21.2 per 
cent during the same period. Along a sloping field, of which the flat upper 
part is Houston black clay, while the main slope is eroded to Houston clay, 
less root rot occurred in each of 3 years in the Houston-clay part of the 
field, in which the soil is lower in colloidal content, organic matter, and 
moisture-holding capacity. 

Taubenhaus, Ezekiel, and Pudge repoided that continuation during 
1930 of the studies on the relation of the soil reaction to incidence and over- 
wintering of root rot gave results agreeing with previous reports (3). Root 
rot was worse on cotton plants grown in neutral and alkaline soils, with less 
damage in soils beloAv pH 6.3, and little or none in soil at pH 5.6 or lower. 
Preliminary studies with crops indicated good growth with cotton, for in- 
stance, ill soil acid enough to impede the development of root rot. Pudge 
summarized some chemical studies on the nature of basicity in soils. 

^iil) soiling experiments, conducted independently by a number of w- Driv- 
ers, again yielded promising results. Dawson and McNamara reported that 
in a field planted, in 1929, to sorghum, a plat was subsoiled twice during 
the dry w^eather of August ; cotton w^as grown in this field in 1930 with only 
1.5 per cent root rot in the subsoiled part of the field, which was separated 
by a sharp line of demarcation from the control, nonsubsoiled area in which 
27 per cent of the plants succumbed to root rot. Neal found a; reduction in 
visible SAuniDtoms of the disease in subsoiled plats in 4 different localities 
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bnt enipliasized tiie presence of deep-seated infection on the roots of many 
of the plants. DnnlaYy and Dana conducted snbsoiliiig tests on 4 acres 
and found a rednction of root rot in each snbsoiled plat, the reductions 
amounting' to 6 per cent to 48 per cent of the root rot in the respective 
check plats. There were no consistent differences in yield. 

FeriiUzers , — Dawson and How^ard V. Jordan presented the results of 
the Bureau of Cliemistry and Soils fertilizer experiments conducted in the 
blacMand region of central Texas. As in 1929, increases in yield were ob- 
tained from applications of mixtures containing combinations of phosphate 
and nitrogen. In a number of cases, the increases were profitable from an 
economic standpoint and in most cases "were of such magnitude as to offset 
losses in yield due to root rot. The more highly johosphatic fertilizers ac- 
celerated maturity, thus increasing the yield of the early pickings and sug- 
gesting a promising means of evading losses from root rot by such additions. 
In tests by Kea, Dana, and Dunlavy, some increases in yield were secured 
by the use of fertilizers at the rate of 400 lbs. or 600 lbs. per acre. Ezekiel 
and Taubenhaus found that fertilizers applied, in container experiments, at 
the rate of a ton to the acre produced marked responses in the growth and 
yield of cotton hut did not reduce the incidence or overwintering of root 
rot. Neal found similarly, in field experiments, that applications of 600 to 
1,800 lbs. of fertilizers per acre accelerated maturity of plants and gave in- 
creased yields over check plats, tending to counterbalance losses from root 
rot ; however, the amount of root rot was not reduced. 

Soil disinfeeiants . — ^Neal tested various toxic agents at concentrations 
of 1 : 200, immersing sclerotia for 5 to 60 min. In the order of their toxic- 
ity, the materials tested were: mercuric chloride, ethyl mercury chloride, 
ehlorophenol nitrophenol mercury, Semesan, copper sxilphate, calcium 
chlorate, and Chlorazene. Additions of 5 per cent of marcasite (crystalline 
ferric sulphide) to the soil in soil cultures inhibited sclerotia formation ; 
and marcasite applied in field plats at the rate of 7.4 tons per acre appar- 
ently reduced root rot. 

Comparisons of fungicides in the laboratory by the soil-chaxuber method 
previously described (3) were summarized by Ezekiel and Taubenhaus. 
Among the most toxic materials tested were mercuric chloride, which pre- 
vented growdli of the fungus at a concentration of 50 ppm. of soil, and 
Semesan, wliicli inhibited growth at somewhat more than 100 ppm. ; while 
some of the least toxic were aluminum sulphate, copper earbonate, and oxy- 
methylene, which did not greatly affect growth, even at 1,000 ppm. 

Dana found that dilutions of 1:80 of sodium, potassium, and calcium 
chlorates prevented the germinLatioii of sclerotia, while dilutions of 1 : 800 
reduced but did not prevent germination. 

Field-plat comparisons of a number of disinfectants were presented by 
Taubenhaus and Ezekiel. The relatn^e quantities of the different materials 
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needed to reduce incidence and spread of root rot in tlie field correlated 
fairly well with the quantities required to inhibit growth in the soil-cham- 
ber tests. Some of the organic mercury compounds, such as Semesan, 
yielded somewhat promising results, while with aluniinuin sulphate, copper 
carbonate, manganese sulphate, and iron sulphate, the quantities used pro- 
duced no apparent effect. W. J. Bach reported that copper sulphate at the 
rate of 1 lb. per 10 gal. of water, applied around the roots of w^oody plants, 
such as grapes, 3 times a year, continued to give good results. 

C. J. King, Bureau of Plant Industry, reported that at Indio, California, 
li per cent formalin was injected by pressure into the sandy soil to a depth 
of 6 ft., at the rate of 6 gal. per sq. ft. Prior to the treatment, cultures of 
the fnngns on fig and pistaehe roots had been placed at various depths in 
the soil. After 3 to 4 weeks, the fungus grew- out again from the interior 
of roots J of an inch or more in diameter when these roots were placed in 
moist chambers, but did not grow out from the smaller roots. In laboratory 
experiments, longer treatments w^ere necessary to kill the fungus inside of 
roots than to kill sclerotia. 

Eofation and culiivaMon . — ^McNamara reported that root rot was 
greatly reduced in cotton following 2 years of sorghum or 2 or 3 years of 
clean fallow, as compared with plats in continuous cotton or in clean fallow 
for a single season. Dunlavy and Dana found that the amount of root rot 
in cotton grown in 2- and 3-year rotations did not differ significantly from 
that in plats in continuous cotton. Eea summarized tillage experiments in 
which the treated plats were bedded and rebedded weekly for periods, re- 
spectively, of 12 and 24 months. In some of these tests perennial weeds 
were not eliminated even after 24 months of tillage. These tillage opera- 
tions, to the shallow depth of 6 in., did not eliminate root rot, and there 
were sigiufieant reductions in root rot in only a few instances. 

lEirriers to limit the spread of root rot were discussed by Taubenhaus 
and Ezekiel, with i)articular reference to some experiments in plats and in 
containers. Barriers 6 in. wide and 4 ft. deep, consisting of soil into which 
4 per cent sulphur had been incorporated, served to cheek completely the 
spread of root rot across plats of cotton. Barriers 1 roAV wade of crops such 
as sorghum and corn limited root rot to the inoculated rows of cotton 
plants, in experimental containers, no spread of the fungus occurring either 
on the roots of these barrier crops or through the soil to reach cotton plants 
on the other side of the barriers (9). 

McNamara reported that of the barriers tested at Greenville, Texas, 
under field conditions, open trenches 24 in. deep, proved effective in pre- 
venting the advance of the disease and sorghum barriers broke up the uni- 
form advance of the fungus. 

Floodmg experiments at Iowa Park w^ere reported by Taubenhaus and 
Ezekiel. Althongh laboratory experiments indicate that the vegetative 
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stage of the fimgus is no longer viable after submergence in saturated soil 
for 3 days, flooding field plats for as long as 120 days did not eradicate 
root rot (10). 

Besistant strains and varieties. — ^Baeli found that the Cliampanel, Mus- 
tang, Blaek Spanish, and Yitis Chantini grapes retained their resistance 
to root rot previously reported (3) and that, in addition, the Dog Pidge, 
V, Salonis, Y. Consianciay Sind V. Berlanderi grapes appear resistant. The 
Sour Orange rootstock for citrus still appears highly resistant, inoculations 
having failed to kill the seedlings. In tests of cover crops for use in citrus 
groves, Crofalaria spectahilis Poth. and C. striata^ DC. and eowpeas proved 
very susceptible, 'while C. incana L. was somewhat resistant and Sesbania 
showed sufficient resistance to make it of practical value as a winter cover 
crop. 

"With the Turk’s cap hibiscus, hackberry, live oak, and pomegranate, 
well-established plants are highly resistant to root rot, yet in the seedling 
stage many of the plants may be attacked and a small percentage killed 
(Taubenhaus and Ezekiel). The seedling plants that recover appear to do 
so by developing new roots faster than the disease can destroy them, while 
the fungus apparently is unable to attack the roots of the older plants (1). 

Cotton variety tests at Temple Substation were summarized by Pea, 
Dana, and Dunlavy. A large number of selections and most of the varieties 
available in the United States have already been tested. During 1930, new 
introductions to the test were primarily field selections of isolated healthy 
plants from diseased spots. This wnrh yielded a limited amount of promis- 
ing material that is to be retested in subsequent years. 
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AN ANTHEACNOSE OF LEDUM CAUSED BY A SPECIES OF 

ELSINOE" 

S. M. Zeller and J. W. Deremiahs 

Along the Pacific Coast of Oregon Ledum glandiilosiim Nntt.^ an at- 
tractive evergreen shrub of the Ericaceae, is affected by a very common and 
serious leaf spot. The senior writer has observed the disease since the 
spring of 1927. The many collections taken in May and June of 1927 and 
1928 gave no clue to the identity of the causal organism. During the win- 
ter of 1929-30, however, we examined some older material in the herba- 
rium of the Oregon State Agricultural College. A species of Elsinoe was 
found on a leaf spot of Ledum collected by G. K. Yan Gundia at Manhat- 
tan, Tillamook County, July 19, 1915. This suggested that all of our pre- 
vious collections had been taken before the maturity of the fungus fructifi- 
cations. This has proved true in collections taken since the first part of 
July, 1930. 

The disease attacks the leaves, the younger branches, flower pedicels, 
and sometimes the calyx and capsules. The most common and conspicuous 
expression of the disease, however, is the leaf spot. 

The disease has been observed all along the Oregon eoast from Brook- 
ings, Curry County, to just south of Seaside, Clatsop County. Since the 
leaf spot is so common within these limits, it perhaps could be found 
throughout the entire range of the coastal form of Ledum glandulosum, 
and the slight variation of it which Piper has described as L, colurniiammi. 
On L. groenlandicum one specimen from Michigan and one from Washing- 
ton have been examined. 

It is evident that the infection of new leaves is influenced by weather 
conditions. In situations where fogs frequently are driven in from the 
ocean the leaf spot makes its first appearance as early as J une, but, farther 
inland, where Ledum is foixnd in bogs at slightly higher elevations, infec- 
tions on leaves of the current season growth may not be found until Au- 
gust. On high bluffs overlooking the ocean the spotting is not evident so 
soon as in lower locations nearby. The disease, however, seems to be as 
severe on the older foliage in the one location as in the other. 

Usually the beauty of the host plant is destroyed by the disease of the 
leaves and upper branches (Fig. 1, A; Fig. 2, A and B). The size of the 
leaves differs so greatly that the number of lesions per leaf may not indi- 
cate the extent of injury. Some small leaves with a dozen spots may have 

1 Ptiblislied witli tlie approval of the Director as Technical Paper No. 137 of the 
Oregon Agricultural Experiment Station. 

2 Mr. Deremiah did the histological vrork connected with this study. 
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50 per cent of the leaf surface destroyed, while another with 35 spots may 
have t'wo thirds of its surface in apparently healthy condition. From 0 to 
47 spots per leaf have been counted (Fig\ 1, B). 

In some locations the disease causes severe ‘‘leaf drop,’’ while, at the 
same time, in other locations where the spot seems equally severe, there 
may be no drop. No explanation for this difference is ventured, imless the 
one location may be drier than the other; but the factors which constitute 
“physiological dryness” in the sandy bogs where Ledum grows are not 
easily estimated. 

The leaf spot first appears as a tiny circular reddish brown area on the 
upper surface of the leaf. Spots can be recognized when only i to i mm. 
in diameter. The mature ones are from about 1 to 3 mm. in diameter but, 
where several infections coalesce, they are much larger. As the lesions 
mature the central part becomes grayish to almost white, while the borders 
remain reddish brown often with purplish margins (Fig. 1, C). In the cen- 
tral grayish area are to be found the black fruiting bodies of the fungus 
which is constantly associated wuth the disease. These fruiting bodies evi- 
dently appear within 8 to 12 weeks after the lesions are first distinguish- 
able (Fig. 1, D). 

The fruiting bodies break through the upper epidermis of the diseased 
portion of the leaf. The rupture of the epidermis is usually star-like, hav- 
ing 3 to 5 rays. The fruit bodies of the fungus may take this astral shape 
or form a flattened hemisphaeroid or elongated pad of dark stromatic 
tissue. 

Vertical sections through the leaf and the fungus ivere prepared to sho’W 
the relation of the two. The development of mycelial invasion of the host 
tissues from the time of infection has not been followed. In mature lesions, 
however, the fungus hyphae are primarily intercellular, lining the inter- 
cellular spaces of the leaf mesophyll and crowuling the palisade cells apart. 
AVhere the fungous invasion seems complete in the central portion of the 
leaf spot the crowding of the mycelium has forced the host cells, and, wdth 
additional fungous growdh, these cells are almost entirelj' separated, causing 
almost complete disintegration of the host tissues. At these centers of con- 
centrated fungous growdh the fundament of the fruiting bodies pushes up 
under the cuticle or in some cases raises the whole epidermis. Plugs or pali- 
sades of erect hyphae that are cemented into a prosenchyma of somewhat 
harder consistency bring about the primary rupture of the surface (Fig 2, 
C). This first concentrated fungous growTh is comparable to the ecto- 
stroma of some of the Sphaeriales.® The general upw^ard growth during 
this period of development in the interior of the leaf often carries with it 

3 Riililand, W. llntersucIiiiiigBii zu einer Morpliologie der stToma-bildendeii 
■Sphaeriales. Hedwigia 39: 1—79. 1900. 
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Fi&. 2. A. Steins of Ledum glandulosum infected by Elsinoe ledi. x2/3. Photo 
by H. H. Millsap. B. Stems shoTving anthracnose spots. X 1-|. C. Photomicrograph of 
a Tertical section of an acervulus-like, sterile eetostroma showing broken cuticle. The 
higher darker^ raised portion at the right is the palisade of rigid prosenchyma which 
ruptured the cntiele. The entostroma, or aseoearp, is below and to the left of the 
eetostroma. xSOO. Photo by W. C. Whitaker. D. Photomicrograph of a vertical sec- 
tion of an entostroma (aseocarp) showing three asci and a portion of the eetostroma. 
X 300. Photo by W. C. Whitaker. 
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islands of leaf tissue. These may be embodied in the lower part of the 
mature fruiting body or ascocarp. The mature entostroina or aseoearp is 
a homogeneous pseudoparenchyma which forms under the original pad of 
erect hyphae, the latter being sloughed off in a manner closely resembling 
that in which the acervulus of Neofabraea Qnalicorticis (Cordley) Jackson 
is forced aside by the newly formed ascocarp under it.^ (Fig. 3.) Some- 



Eig. 3. Drawing showing a vertical section of an entire mature ascocarp illustrating 
the discarded ectostroma and the aseogenons entostroina. Immature anil 
mature asci usually occur together in an ascocarp. x 500, 


times the ectostroma persists more or less loosely attached above or to one 
side of the mature ascocarp. Even though the ectostroma thus has the ap- 
pearance and structure of an acervulns, conidia have not been observed in 
connection with it.''" The ascoearps occur in various sizes and shapes but 
the most common semilenticular forms are from 70-195 in diameter and 
have a depth of 28-110 p. The spherical asci are scattered in monoascoid 
locules thronghout the psendoparench;^una of the ascocarp. As a rule, the 
aseogenons locules are near the surface of the structure, more or less in 
one stratum (Pig. 2, D), but often there is no order of arrangement, the 
locules being scattered through the pseudoparenchymatous tissue to a depth 
equaling three to five times the diameter of an asens. Asci containing 8 
spores predominate but those containing 1 to 4 are not uncommon. The 
asci measure 17-25 x 21-28 p. The ascospores are ellipsoid to fusoid, often 
flat on one side, hyaline, mostly 3-septate (seldom 1-2-septate) , and measure 
12.3-17.7 X 5-6.5 p. 

This fungus belongs to the genus Elsinoe Eaciborski, 1900 (Elsinoaceae 
von Hbhnel), which, according to Shear,® is synonymous with Elect odiseella, 

4 Jackson, H. S. Apple tree anthTacnose. Or eg. Agr. Exp. Sta., Bien. Crop Pest 

and Hort Rpt. 1911-1912: 178-197. 1913. (See Pig. 4, p. 186.) 

5 Since this paper went to press conidia (Sphaceloma) have been found produced 
by this Bctostroniatic stage and in a letter Dr. Anna E. Jenkins says leaf lesions from 
Oregon material shOAV both imperfect stages of the fungus as they are also on the type 
material. 

6 Shear, C. L. The life history of Sphaceloma ampeliniiin de B ary. Phytopath. 

19: 673-679. 1929. 
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Woronichin, 1914. The species found on Ledum is very similar niorplio- 
logically to Elsinoe am%>eUna (de Bary) Shear, the cause of grape an- 
thracnose, P. veneta Burkh,, the cause of raspberry and blackberry an- 
thracnose, and also P. pir% the cause of a fruit and leaf spot of apple and 
pear in Europe. The dimensions of the ascospores are similar to those of 
these species. 

The ascoearp, shown in vertical section in figure 2, D, and figure 3, in 
general, has the regular outline described for Plectodiscella piri, but the 
ascoearp from Ledum is not covered by a sclerotic, plaeodium-like rind, 
although the surface is often made up of a darker brown layer of cells 
with slightly thickened walls. On the other hand, ascocarps of the fungus 
on Ledum are not all of the type illustrated but are of various shapes, often 
like the illustrations of those of P. venetd or Elsinoe mnjoelina, and are 
often surmounted by the acervulus-like palisade of the primary ectostroma. 

The fungus, constantly associated with the leaf and stem anthracnose 
repoi'ted in this paper, was first described by Peck^ as Aulographum ledi,^ 
The description is unmistakably that of the fungus with wliich we liave 
been dealing, except that in our material the mature ascospores are 3-sep- 
tate. It was originally discovered on Ledum groenlandieum in New York 
State. 

The other species of Elsinoe are on hosts of remote relationship with 
respect to the Ericaceae. Though the species on Ledum is very similar to 
the others in morphology, it perhaps should be retained as a separate species 
until a critical study of the genus is made. The fungus associated wdth 
the disease of Ledum is therefore transferred to Elsinoe as Elsinoe ledi 
(Peck) Zeller, n. comb. 

The following amended description is based on the material we have 
examined. 

ELSINOE LEDI (Peck) Zeller, n. comb. 

Syn. Aulographum ledi Peek. 

Spots epiphyllous or on stems, circular or coalescing in lines, 1-3 mm. 
in diameter, at first reddish brown, then whitish gray with reddish brown 
to purplish margins; stromata solitary or gregarious near the center of the 
spot, circular or irregular, sometimes astral, erumpeut, superficially black, 
puhdnate, 45-200 p in diameter; ectostroma discoid to subconie, of hyaline! 
erect, palisaded, prosenchyma, rupturing the cuticle or epidermis, bearing 

7 Peek, D. H. Peport of the state botanist, 1910. New York State Museum Bill 
150:23-24. 1911. 

s We want to express onr thanks to Dr. G. L. Shear and Dr. Anna E. Jenkins, who 
have examined some of the Oregon material and called our attention to A. Udi Peek 
In a letter under date of Pehriiary 25, 1931, Dr. Shear says: ^'Aii examination of 
Peekes type shows that it is the same as yonr Elsinoe.'^ 
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coniclia belonging' to the form-genus, Sphaeeloma ; or ascocarp 

arising beneath and rupturing the ectostroma which is sloughed off, hyaline 
interior with brownish surface, pseudoparenchyniatons, 70-195 |j in diam- 
eter, 28-110 p high, semi-lentieidar to varied in shape, plnriloculate ; lomiles 
subsphaeroid, mostly monoaseoid, 19-30 p in diameter, scattered in the 
entostroma; asei subsphaeroid, 1-8-spored (niDstly 4- or 8-spored) hemline, 
17—25 X 21-28 n ; ascospores ellipsoid to fusoid, mostly unilateral, mostly 
3-septate (seldom 1-2-septate) 12-17.7 x 5-6.5 |j. 

On the leaves, stems, and capsules of Ledum glandulosuni Nutt., Curry 
to Clatsop counties, Oregon, and on leaves of L. groenlandiciim Oeder, 
Ingham County, Michigan, and King County, "Washington.® 

Specimens examined: 

Michigan: Ingham County, Towaii’s Swmnip, East Lansing, May 26, 1895, 
A. B. Cordley (in 0. A. C. Herb., 7946). 

Washington: King County, north of Seattle, May, 1912, S. M. Zeller (in 
Zeller Herb., 582). 

Oregon: Clatsop County, Seaside, July 6, 1928, 8. M. Zeller & 0. E. 8cJms- 
ier^ (in Zeller Herb., 2199) ; Coos County, Bandon, June 26, 1928, 8. M. 
Zeller (in Zeller Herb., 6774) ,• Lakeside, June 27, 1928, 8. M. Zeller, 
(in Zeller Herb., 1759) ; Marshfield, June 27, 1928, C. E. Schuster k 
8. M. Zeller, and Sept. 18, 1930, L. N. Goodding (in Zeller Herb., 1668, 
7891) ,• Curry County, Brookings, June 24, 1928, 8. M. Zeller (in Zeller 
Herb., 6776) ; Gold Beach, June 26, 1928, 8, M. Zeller, and July 19, 
1930, L, N. Goodding (in Zeller Herb., 6775, 7770) ; Douglas County, 
June 27, 1928, C. E. Schuster & 8. M. Zeller (in Zeller Herb., 1664) j 
Lane County, Cummins Creek south of Cape Perpetua, June 8, 1929, 
8. M. Zeller (in Zeller Herb., 2664) ; Lincoln County, Big Creek, Janu- 
ary 11, 1931, 8. M. Zeller (in Zeller Herb., 7882) ,* east of Newport, 
Api'il, 1927, 8. M. Zeller (in Zeller Hei’b., 1765) ; near Jump-ofi Joe; 
north of Newport, Jan. 31, 1931, Wm. Kessi (in Zeller Herb., 7896) ; 
Waconda Beach, Jan. 11, 1931, ;S^ i¥. Zeller (in Zeller Herb., 7884) ; 
near Waldport, July 5, 1930, 8. M, Zeller (in Zeller Herb., 7769, and 
0. A. C. Herb., 5548) south of Yaquiiia John Point, July 30, 1930, 
8. M. Zeller (in Zeller Herb., 7768) ; Tillamook County, Manhattan, 
July 19, 1915, G. K, Van Gundia (in 0. A. C. Plerb., 5549). 

So far as ’we are aware Elsinoe ledi occurs on Ledum only. There are 
species of fungi, however, which occur on several different erieaceous hosts. 

9 Dr. C. L. Sliear states tliat there are eolleetions in the IT. S. Bureau of Plant 
Industry on L. glandiilosum: from Mendocino County, Calif., and on i. groenlm.dic'U'm 
from North Mountain, Pa., Meadowlands, St. Louis County, Minn., and the type in the 
New York State Museum from Pine, St. Lawrence County, N. Y. 
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One of these, Cryptostictis arbuti (Bonar) Zeller, ii. comb. [=:Disaeta 
arhuti Bonar) , frequently occurs in Oregon on Ledum glmidulositm in close 
proximity to E. ledi. In fact, leaf spots of the two fungi are often found 
on the same leaf. C^^yiDtostictis arluti was first reported on Arbutus and 
has been found on Arctostaphylos, and it would not, therefore, he surpris- 
ing to find E. ledi on other ericaeeous hosts. 

SUMMARY 

An anthracnose of the evergreen shrub, Ledium glandulosiim^ is de- 
scribed. It occurs along the Pacific Coast of Oregon and Washington, and 
one specimen from Michigan on L. groenlandiciim has been examined. The 
disease seems to be distributed tlirongli the range of the genus Lednm in 
the United States. Leaf and stem spots are the chief symptoms of the 
disease. Elsinoe ledi (Peck) Zeller, n. comb. (Syn. Aulograplium ledi 
Peek) is constantly associated with the disease. The fungus was first 
described on A. groenlandicum from St. Lawrence County, New York. An 
amended description, with illustrations of the fungais and disease, is 
included in the present paper. 



BLACKLEG OF TOBACCO SEEDLINGS" 

E. M. Johnson and W. D. Valleau 

On May 13, 1930, wlien plants were being pulled for transplanting, the 
writers found, in a bed of Burle 3 ^ tobacco near Lexington, Iveiituekj^, an 
area of plants that had a rot which seemed unlike the rots caused b^^ the 
damping-off fungi. This disease was found in another bed several miles 
from the first and, later, in several other parts of the first bed. When the 
eottoii Avas first removed from the bed, the diseased areas were difficult to 
detect, as the plants, even though almost comioletely rotted off, Avere still 
turgid. The affected areas were found during pulling and could be located 
Avithout difficulty after the cotton had been oft' of the bed for some time 
and after the plants had wilted. The rot started at or near the soil level 
and extended up the stem 1 to 5 inches, the latter height only rarelA^ The 
rotted areas were brown to almost black (Fig. 1), sometimes soft, and the 
stems often Avere split longitudinally. Often, the basal leaves av ere par- 
tially to completely rotted. This appeared to he the most usual avenue of 
entry to the stem. Microscopic examination of affected lolants shoAA’ed the 
presence of abundant, active^ motile, bacteria. 

Affected plants, some nearty completely girdled, AA'ere set in the field so 
tliat the rotted area and some healthy stem tissue came beloAy the soil. All 
these plants recovered and grew normally. Diseolored areas were found 



Fig. 1. Tobacco seedlingg, transplanting stage, affected with blackleg. Natural infection. 

1 The investigation reported in this paper is in conneetioix with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the Director. 
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where healing over occurred, but attempts to isolate bacteria from such 
areas were not successful. 

Bits of aifected tissue from seedling plants were removed aseptically, 
crushed in melted potato-dextrose agar, and plates poured. In from 14 
to 20 hours convex, glistening, smooth to amoeboid, translucent, colonies of 
bacteria developed. Turkish tobacco plants, 8 to 10 inches tall, were inocu- 
lated with 48-hour-old potato- dextrose agar tube cultures, from representa- 
tive colonies, by means of needle stabs half way u^) the stems. Following 
inoculation, the plants were placed in moist chambers. Tw^elve hours after 
inoculation, water-soaked discolored areas w^ere present around the needle 
pricks, and in 36 hours the rotting had extended along the stem 2 to 3 
inches, above and belo\v the stab. The leaves in the neighborhood of the 
rotted area drooped, and in some plants the rot extended into the petioles 
(Fig. 2, A). When removed from the hell jars, some plants broke at the 
rotted areas. Bacteria reisolated from these plants again caused typical 
stem rot in Turkish tobacco plants. 



Fig. 2. A. Turkisli tobacco plant inoculated with tobacco-blackleg organism. 
Longitudinal split, drooping leaves, and hollow stalk are shown. B. 'White Burley 
tobaeeo plant inoculated with tobaeeo-blaekleg organism. Bacteria were inserted into 
a pill prick into the pith 8 inches below the top. Photographed 3 days after inoculation. 
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Forty-eiglit-lioiir-old cultures of the tobacco organism were used to 
inoculate almost mature White Burley plants in the field. The bacteria 
were inserted into the pith 8 inches below^ the tip, near the middle of the 
stem, and 6 inches from the base of the plants. The stabbed areas were 
wrapped with moist cotton and paper. After 20 hours there was a brown- 
ish, soft, rotted area extending up and down the stem 1-| inches on either 
side of the stab in the plant inoculated near the top. After 24 hours more 
the rotted area was 7 inches long and almost girdled the stem. The plants 
at this time and later were typical of those affected with the disease known 
as hollow^ stalk (Fig. 2, B). In the plants inoculated near the middle of 
the stem and near the soil, the lesions w^ere never longer than 3 inches, 
and, after 2 w’^eeks, wound tissue formed around these areas. White Burley 
tobacco plants in the same planting Avere topped, bacteria pricked into the 
exposed pith, and moist cotton placed around the inoculated areas. A 
brown, soft, rotted, area 3 inches long developed in 20 hours. The pith at 
the top Avas a soft, slimy, broAvnish mass with an unpleasant odor. The 
pith rot seldom extended more than inch doAAui the stem, in contrast Avith 
the more extensive rot, AAdien the outer tissues Avere also infected. 

COMPARATIA^E STUDIES OF THE TOBACCO ORGANISM AVITII OTHER SOFT-ROT 

ORGANISMS 

It Avas suspected that the organism might belong to the soft-rot group. 
Through the kindness of J. G. Leach, of the University of Minnesota, three 
cultures of Bacillus caroiovorus Jones (I, C, and 3--A) and one of B. 
aroideae ToAAUisend were obtained.^ Limited comparative cultural, physi- 
ological, and pathogenicity studies Avere made A^fith these and the tobacco 
organism. All of them hydrolyzed starch, w^ere gram-negative aerobes, 
and loroduced filiform, convex, glistening, smooth, and translucent colonies 
on beef-peptone-agar slants. and the tobaceo oi'ganism 

clouded beef-peptone broth more than the cultures of B. carofovorus. 
Bacillus aroideae and the tobacco organism produced only acid in beef 
broth containing 1 per cent glucose, sucrose, and lactose, A\dier6as the cul- 
tures of B, caroi;ovo7'us produced both acid and gas. 

Comparative pathogenicity on potaioes, carrots, and tolacco. Tlie cut 
ends of carrots, surface-sterilized with 1 to 1,000 bichloride of mercury, 
AA^ere stabbed Avith a needle dipped into 48-liour-old broth or agar enltures 
of BacMus carotovorns, B. aroideae, and the tobacco organism. After 
inoculation the carrots were placed in a damp chamber. Bacillus aroideae, 
the tobacco organism, and one culture of B. carotovorus (C) produced soft 

2 The writers wish to thank Dr. Leach for helpful suggestions and the Division of 
Plant Pathology and Botany of the University of Minnesota, where some of this work 
was done, for laboratory facilities. 
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rot of the carrot. Parrots, rotted with B. aroideae, and the tobacco organism 
were similar and had a brown discoloration not present in those affected 
\NitlcL B. caroiovoTiis (Fig. 3). 



Pig. 3. Cut ends^of carrots inoculated with soft-rot bacteria and the tobacco -blackleg 
organisms. A. Check. Not inoculated. B. Baoilhis caroiovorus (C). 

C. B. aroideae. B. Tobacco-blackleg organism. 

Half-inch cylinders were cut from surface-sterilized potato tubers by 
means of a flamed cork borer. Inocnlum from the cultures used to inocu- 
late the carrots was placed on the cut surfaces of the cylinders near the 
middle, and these were replaced in the holes in the tubers. The latter were 
placed in a damp chamber. All the cultures of Bacillus carotovorus pro- 
duced some soft rot after 24 hours. Two (I and 3-A) produced only a 
slight soft rot that did not spread after 48 hours, while the culture (C) 



Pig. 4. Potatoes inoculated with soft-rot bacteria and the tobacco-blackleg organism. 
A. Cheek. Not inoculated. B. Bacillus carotovorus (3a). C. B. carotovorus 
(C). D. B. aroideae. E. Tobacco-blackleg organism. 
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that rotted carrots caused a soft rot extending i/s inch into the plug and 
the same depth into the tuber around the plug. After 24 hours the plugs 
of tubers inoculated ^vith Bacillits droideae and the tobacco organisms 
were soft, slimy, masses ; and, 24 hours later, the rot had extended into the 
tuber % inch around the plug (Fig. 4). 

Two cultures of Bacillus carotovorus (C and 3-A), B. aroideae, and the 
tobacco organism produced stem rot of 6-inch Turkish tobacco plants, like 
that previously described for the tobacco organism. 

IDENTITY OP TOBACCO ORGANISM 

The tobacco organism resembles Bacilhis aroideae morphologically, cul- 
turally, physiologically, and pathogenetically. Both are peritrichous rods, 
2.5 to 3 p in length by 1 to 2 p in diameter (Fig. 5). Both react the same 
on sugar media and differ from B. caroiovorus in the production of 
acid but not gas in dextrose, lactose, and sucrose broths. Both produce 
the same type and degree of rotting on tobacco plants, potato tubers, and 
carrots. The tobacco organism seems to be one of the soft rot organisms 
and is probably the same as B, aroideae which Massey^ considers as a 
separate species from B. carotovorus. 

DISCUSSION 

Bacteria of the soft rot group have been suggested as a cause of hollow 
stalk of tobacco in the field, but, so far as the writers are aware, injury 
from these organisms has not been reported in plant beds. The similarity 



Pig. 5. Tobaeeo-blaekleg organism. Porty-eiglit-hour-olii agar culture. Stained by 

Casares- Gils method, x 1,000. 

3 Massey, A. B. A study of Bacillus aroideae Townsend the cause of a soft rot of 
tomato, and B. carotovonis Jones. Phytopath. 14: 460-477. 1924, 



978 


Phytopathology 


[VoL. 21 


of symptoms of tobacco plants affected witli Bacillus carotovorns and 
B. aroideae suggests that either of these may be pathogenic to tobacco 
and, with favorable conditions, might cause blackleg of seedlings, or hollow 
stalk of older plants in the field. 

The writers observed this disease in a plant bed on the Experiment 
Station farm at Lexington a few years ago. Discussions with growers in- 
dicate that they are familiar with the disease and that they fear it during 
rainy periods when the plants are large and crowded in the bed. 

LeaeiP has demonstrated that the pathogene of potato blackleg, which, 
in a later paper,^ he assigns to the soft rot group, can overwinter in the soil 
in Minnesota. It is probable that soft rot bacteria may inhabit many soils. 
If temperature and moisture conditions be favorable, soft rot bacteria may 
enter seedlings through the hydathodes, as it is not unusual to find the rot 
starting at the tips of leaves that touch the soil. The organism might enter 
the tobacco plant through insect wounds, but no case of this kind has been 
observed by the writers. The mode of entry into plants in the field is not 
known. 

SUMMARY 

A stem rot of tobacco seedlings at the transplanting stage is described 
as it was observed in two plant beds in Kentucky. Microscopic examina- 
tion of affected plants showed the presence of actively motile bacteria. The 
name, blackleg, is suggested for the disease because of its resemblance to 
blackleg of potato. 

Bacteria isolated from affected plants caused a stem rot of Turkish 
tobacco in the greenhouse and a stem and pith rot of Burley tobacco in the 
field- Soft rot of potatoes and carrots was produced by cultures of the 
stem rot pathogene. 

Comparative studies indicate that the stem rot organism is similar to, if 
not identical with, Bacillus aroideae in that it produces acid but not gas on 
beef broth containing lactose, dextrose, and sucrose. 

Kentucky^ Agr. Exp. Station, 

Lexington, Kentucky. 

4 Leach, J. G. Potato blackleg: The survival of the jjathogene in the soil and some 
factors influencing infection. Phytopath, 20: 215-228. 1930. 

Leach, J. G. The identity of the potato blackleg pathogene. Phytopath, 20: 
743-751. 1930. 



SEED TRANSMISSION OE GOWPEA FUSAEIFM WILT 

J A M E S B . K E N D R I C K 

Tlie wilt of cowpeas (Vigna smensis (L.) Endl.) caused by Fiisariiim 
trachei2yhihmi (E.P.Sm.) Wr., is a serious factor in nearly all seetions of 
California where blackeye cowpeas are grown. In many cases, the soil has 
become so thoroughly infested with the wilt that the growing of blackeye 
cowpeas is no longer profitable. The increasing severity of the disease has 
forced many growers to use new areas for growing ^^blaekeyes,” as they 
are commonly known in California. Many complaints have been received 
of the occurrence of wilt in areas where blaekeyes have not been previously 
grown. Observational evidence pointed to the possibility that the disease 
was being spread with the seed. In so far as the writer is aware, there is 
no record to show that this disease is seed-borne. Since the wilt is of ma- 
jor importance in the growing of blackeye cowpeas in California, it seemed 
advisable to determine experimentally if the agent responsible for the dis- 
ease was being disseminated with the seed. 

The disease was first described by Smith^ in 1899. In 1902 Orton^ pub- 
lished a rather comprehensive account of the same disease. As was pointed 
out by Orton and from three years ^ observations in California, cowpea wilt 
does not appear until the plants are about 6 weeks old. At first, a few 
plants are noticed throughout the field with pale green, flaccid leaves, 
which soon turn yellow and drop from the plant. The plants showing the 
disease early in the season usually die prematurely and fail to mature seed. 
As the season advances, more and more plants show the disease, as evi- 
denced by their dwarfed condition, yellowness, and, in many eases, death 
of the infected plants. However, not all diseased plants show external 
symptoms. In experimental plots, where each plant has been pulled at the 
end of the season and the stem cut for evidence of the disease, many large, 
apparently healthy plants have been found with a greatly swollen and 
roughened condition of the lower part of the stem and main root (Fig. 
1, A). When the stems o£ such plants are examined more carefully, the 
vascular system shows as a dark-brown mass of disintegrated tissue with 
oiih' the outer corticSl area showing evidence of life. The vascular discol- 
oration often extends throughont the plant. Mature plants have been ob- 
served at the end of the season, which appeared vigorous and healthy, hut, 
on examination of the root system, they were found to be in a badly dis- 

1 Smith, Erwin P. Wilt disease of cotton, watermelon and eowpea, TJ. S. Bept. 
Agr., Biv. Yeg. Phys. and Path. Bui. 17. 1899. 

2 Orton, W. A. Some diseases of the eowpea. XT. s. Dept. Agr., Bui. Plant Indus. 
Bui. 17. 1902. 
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PiG- 1. A. Two blackeye-cowpea plants on the left, severely infected with Fusarlum 
trac}ieip}iilu‘mj showing the swollen and roughened condition of the lower stem and main 
root, while the foliage showed no evidence of disease. Such plants often mature a fair 
amount of seed and are harvested with the healthy plants. Healthy plant on the right. 
B. Seedling blackeye cowpea gro^vn in steam-sterilized soil from seed harvested by heat- 
ing mature diseased plants in a burlap bag. The wilted leaf on one side denotes the first 
evidence of wilt. 

eased condition. Other plants, with a nraeh less severely diseased vascular 
system, die from the disease. 

Many plants that shoAV the disease by midsummer also survive and ma- 
ture a partial crop of seed even though they lose all or part of their leaves 
and show severe vascular infection throughout the plant. Since many dis- 
eased plants mature seed, the possibility that the fungus re.sponsible for 
the disease might be carried with the seed seemed likely. 

In order to determine whether the fungus penetrated the seed and was 
harbored as intraseminal mycelium, a series of cultures were made. Ma- 
croscopic examination of diseased plants showed the brown discoloration in 
the vascular system of all parts of the plant. Peduncles Avith attached 
ripening pods were removed from severely diseased plants. The pods were 
carefully plucked and the peduncles surface-sterilized ndth mercuric 
chloride 1-1000 and then Avashed in sterile water. Small cros.s sections 
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were cut aseptically from the basal and apical end of each peduncle and 
planted on potato-dextrose agar. The pods previously removed from the 
peduncles were carefully opened with sterile tweezers and the first pea 
from the basal end of each pod was plated on potato-dextrose agar, care 
being taken to place the hilum in contact with the agar. 

Platings were made from the basal end of 205 peduncles, of which 34.6 
per cent showed the presence of Fusarium traclieipliiliim. Out of 271 api- 
cal ends of peduncles thus cultured, 4.8 per cent yielded F. tracheiphUiim, 
while 315 seeds plated as stated above failed to show any evidence of F. 
tracheiphiluni. The pathogenicity of the cultures was determined by 
greenhouse inoculations in sterile soil. The above results indicate that the 
causal fungus quite often penetrates the peduncle and in some cases 
reaches the pod, but in no ease was there evidence of penetration of the 
first seed in the pod. However, more extensive tests may show that the 
fungus does, in some cases, enter the seed. 

Two methods of securing seed for testing were used. In one instance, 
an attempt wus made to simulate harvest conditions as near as possible 
and, in the other case, ripe pods were carefully removed from severely dis- 
eased plants by hand. It may be well to state that the general method 
used in harvesting beans in California is to cut the plants just beneath the 
soil by running a cutter along the row. The plants are then raked into 
windrows and allow^ed to dry, after which they are run through a thresh- 
ing machine. Since a great deal of diseased material is thus run through 
the threshing machine, no doubt abundant spore material is liberated and 
lodges on the seed coat. While harvesting some experimental plots in 
1929, a large number of diseased plants "were pulled and placed in a large 
burlap bag. After the plants were dry, the beans were threshed by beat- 
ing the plants in the bag and the seed removed from the trash by means 
of an electric fan. At the same time a quantity of seed w^as harvested by 
hand-picking ripe pods from a number of plants showing severe wilt. The 
2 lots of seed w^ere kept separate and used for subsequent greenhouse 
tests. For convenience the 2 lots of seed W'ere designated as threshed seed 
and hand-picked seed and wall be thus referred to in this paper. All seed 
tests Avere made in soil that had been steam-sterilized at 40-poiiiids pres- 
sure for 3 hours. 

On October 24, 1929, 4 flats were planted Arith threshed seed and 20 
6-inch pots Avith hand-picked seed. The first eAudence of wait occurred 43 
days after planting. As soon as a plant showed eAddenee of disease (Fig. 
1, B), it Avas removed and cultures made. Final notes ivere taken on Jan- 
uarA?’ 21, at AAliicli time all plants Avere remoA^ed and the main stem eiit for 
eAddenee of vascular infection. Many plants shouted symptoms more or 
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less typical of tliose occurring under field conditions. The results of the 
above test showed that out of 152 plants grown from threshed seed 40^ or 
26.3 per centy developed wilt symptoms^ while 147 plants grown from hand- 
picked seed remained healthy. 

Fourteen flats of sterile soil were planted on January 31, 1930, with the 
same lot of threshed seed used in the previous trial. In this test, 1,028 
plants developed, of which 168, or 16.3 per cent, developed wilt. 

Since there was a possibility of secondary spread from the early dis- 
eased plants to those in close proximity in the two former trials, a third 
set of plantings was made on April 10, 1930, in which single peas were 
planted in 4-ineh pots of soil. At the same time, 10 peas were planted in 
each of 31 6-inch pots and 188 6-inch pots were planted with 3 lots of hand- 
picked seed. The results are presented in tabular form below. 


TABLE 1 . — A co7nparison of seed tram^nission of cowpea F'usarimrv wilt where the seeds 
were harvested hy two different methods and grown under different condiiions 


Seed lot 

Method of growing 

Number of 
plants 

Percentage 

showing 

wilt 

Tlneshed seed 

10 peas ill each 6-ineh pot 

259 

8,5 

( i 

1 '' 4- '' 

574 

3,9 

Hand-picked seed Lot 1 

10 6- 

210 

0 

( C ( ‘ 9 

10 6- 

344 

0 

“ “ 3 

10 6- '' 

to 

CJl 

3.5 


The results presented in table 1 indicate that there may have been some 
secondary spread, where more than 1 plant was grown in a container. 
However, since 214 young plants growing in individual 4-inch pots were 
killed by small root maggots, it is possible that the incidence of the di.sease 
may have been increased if these plants had not been destroyed. It will 
also be noted that in 1 lot of hand-picked seed 3.5 per cent of wilt developed. 

In the fall of 1930 2 additional seed lots were collected, using the same 
methods of harvesting that were used in 1929. On November 5, 1930, 12 
flats were planted with 1930-threshed seed and 10 flats with 1930-hand- 
pieked seed. The results showed that of the 574 plants grown from 
threshed seed 65, or 11.3 per cent, developed wilt, while the 560 plants 
from hand-picked seed shoAved 1 with definite vdlt symptoms. 

The evidence proves quite conclusively that the agent responsible for 
cowpea wilt is carried on the seed. In 2 out of 5 trials, a small percentage 
of wilt occurred rvhere plants v'ere grown from hand-picked seed. As to 
AAhether this resulted from the organism being inside the seed coat or from 
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other sources, po>sitive proof is lacking. This point is being iiiYestigated 
further. 

In order to determine if the eansal agent of cowpea wilt lives from one 
season to another on the seed, 6 flats of sterile soil were planted on Sep- 
tember 12, 1930, with 1-year-old threshed seed. The results showed that 
ont of the 305 plants 22, or 7.2 per cent, showed wilt symptoms. A sum- 
mary of the seed tests previously made with the same lot of seed shows an 
apparent reduction in the jiercentage of wilt as the seed becomes older. 
Seed 43-days old showed 26.3 per cent wilt; 142-days old, 16.3 per cent 
wilt; 205-days old, 8.5 per cent wilt; and 1-year old, 7.2 per cent wilt. 

Additional evidence that the seed is responsible for the dissemination 
of cowpea wilt was secured when a cominereial lot of seed, suspected of har- 
boring wilt, was tested. A grower used 2 lots of seed to make his 1930 
planting. The planting from 1 of these seed lots developed a small per- 
centage of wilt, and circumstances loointed to the seed as the source of the 
disease. A subsequent greenhouse test in wdiich 320 plants were grown 
from this seed showed 4, or 1.25 per cent, showing definite wait symptoms. 

SUMMARY 

Preliminary trials have failed to show that the fungus [Fusarium 
ira(^i€ii)liUiim) ^ causing cowpea wait, penetrates the seed. Evidence is 
presented that the fungus is transmitted on the seed where machine meth- 
ods are used for harvesting. Hand-i3icked seed from diseased plants 
show'ed a low" percentage of wilt in 2 out of 5 trials. It has also been found 
that a rather high percentage of wilt resulted from using seed 1 year old. 

Division of Plant Pathology, 

Branch op the College of Agriculture, 

University op California, 

Davis, California. 




SEED-TREATMENT AND DATE-OF-SOWING EXPERIMENTS 
WITH SIX VARIETIES OF FLAX^ 

L. 0. Burnetts aitdChas. S. R e d d y 3 

Flaxseed production in Iowa was greater in 1930 tlian in any year since 
1908. There was an increase of 75 per cent in acreage and 110 per cent 
in production over the 10-year average (1920-1929) , In view of this added 
interest, preliminary experiments were inaugurated to study the influence 
of date of sowing and of seed treatment upon the stand and yield of flax. 
These experiments were conducted with the leading wilt-resistant varieties 
at four places in Iowa. 

Yields of 6 varieties are presented in table 1 for the May 1 and May 14 
dates of sowing. The sowing on May 31 produced such a poor crop that it 
was not harvested but was discarded in the field. 


Tx4.BLE 1 . — Effect of date of sowing on acre yields of 6 varieties of flax at the Agronomy 

Farm, Ames, Iowa, 1930 



Bison 

cheek 

NDR 

114 

Red- 

wing 

Lin- 

ota 

Bud a 

Bison 

Rio 

Mean 

Sown May 1 

Acre yield [bu.) 

17.72 

15.20 

16.82 

14.55 

12.52 

18.D5 

14.27 

15.59 

Sown May 14 

Acre yield (hu.) 

7.92 

9.22 

12.90 

8.10 

5.45 

7.55 

7.12 

8.32 

Loss from late sowing 
Bushels 

9.80 

5.98 

3.92 

6.45 

7.07 

lO.otl 

7.15 

7.29 

Percentage 

55.3 

39.6 

23.3 

44.4 

5S.5 

58.2 

50.2 

46.6 


The data in table 1 show that satisfactory yields were obtained from the 
first sowing; little more than half as much (53.4 per cent) from the second 
sowing ; and practically no yield from the third. The differences, no doubt, 
were accentuated by the exceptionally dry season of 1930. 

Thirty observations at Ames on stands and yields showed variations 
from 119 to 506 plants per 17-ft. row with corresponding yields ranging 
from 130 to 197 gm. (13.0 to 19.7 bu. per acre). In these data an increase 
in yield of 1 bushel per acre was obtained 'with each increase of 1 plant, 
from 8 to 10 plants per square foot. Above that number (10 per scpiare 
foot) an increase of about 4 plants per square foot was required to secure 
an increase of one bushel per acre. 

1 Published with the approval of the Director as a Journal Paper of the Iowa Agri- 
cultural Experiment Station, Ames, Iowa. 

2 Chief in Cereal Breeding, Farm Crops Section. 

3 Assistant Chief, Botany and Plant Pathology Seetion. 
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Seed-treatment experiments, using seed of Bison flax (96 per cent ger- 
mination) obtained from Fargo, North Dakota, were also conducted on the 
Agronomy Farm at Ames (10 replications sown on May 1), on Plant Pa- 
thology plots at Ames (10 replications sown on April 28), at Belniond (3 
replications sown on April 22), and at Mason City (3 replications soAvn on 
April 23). The rate of sowing was 5 gin, or approximately 940 seeds per 
17-ft. row. Dust fungicides comprising 2 trial dusts (G-2-2 and 31C), 
Corona Oat Dust (COD), Ceresan (Cer), and American cyanainid No. 7 
(Am. Cy. 7) were used at the rate of 2 ounces per bushel. The stand data 
were obtained when the plants were mature by pulling, and counting 5 of 
the replications at the Agronomy Farm, 1 at the Plant Pathology i)lots, 
3 at Belmond, and 3 at Mason City (table 2). 


TABLE 2. — Field stands from nontreated and treated Bison flaxseed sofvn at four places 

in Iowa, 19 SO 


Location of 
experimental feld 

Repli- 

cations 

Number of plants per 17-ft. row^^ 

Non tr. 
Clieck 

Treated with: 

G-2-2 

31-C 

COB 

Cer. 

Am. 
Cy. 7 

Ames, Agr. Farm 

5 

140 

271 

185 

190 

401 

169 

Ames, Path. Plots 

1 

362 

481 

455 

398 

516 

390 

Belmond 

3 

502 

462 

491 

451 

598 

462 

Mason City 

3 

277 

449 

412 

351 1 

406 

252 

Weighted mean 

(12) 

283.2 

380.6 

340.8 

312.8 1 

1 461.1 

281.2 

Fercentage of (dieclc 








Ames, Agr. Farm 

5 

100 

193.5 

132.1 

135.7 

286.3 

120.7 

Ames, Path. Plots 

1 

100 

132.8 

125.2 

110.0 

142.5 

107.7 

Belmond 

3 

100 

92.1 

97.8 

89.8 

119.2 

92.1 

Mason City 

3 

100 

162.0 

148.7 

126.7 

146.5 

91.0 

"Weighted mean 

(12) 

100.0 

134.2 

120.2 

110.3 

162.7 

99.3 


» xApproxiiiiately 940 seeds were planted in eaeli row. 


The data in table 2 show that increases in stand were obtained from all 
the treatments except Am. Cy. 7, Nontreated seed produced percentage 
stands ranging from»15 to 53 (140 to 502 plants per row). Under the same 
conditions and with seed of the same lot the percentage stands from the best 
seed treatment, Ceresan, ranged only from 42 to 63 (401 to 598 plants per 
row). 

The yield data from the seed-treatment plots are presented in table 3, 
and data from tables 2 and are summarized in table 4. 
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TABLE 3. i. ields from oiouiTeatcd (i7id tvecLied Sison flcixseed sow 7 i at foiir pJocss in 

loiva, 19S0 


Location of 
experimental field 

No. 

• Bepli- 
cations 

Yield in grams per 17Yt. row 

Non tr. 

Treated with: 

G~2-2 

31-C 

COD 



Cheek 

Cer. 

Am. 
Cy. 7 

Ames; Agr. Farm 

5 

14o 

168 i 

147 

148 

194 

169 

Ames, Path. Plots 

1 

140 

200 

120 

140 ! 

195 

no 

BelmoiicI 

3 

163 

160 

162 

157 

187 

149 

Mason Citj^ 

3 

183 

1 

187 

202 

188 

003 

181 

AVeightecl mean 

(12) 

150.2 

173.8 

162.2 ; 

; 159.5 

' 199.6 

162.1 

Fercentage of cJieclc 








Ames, Agr. Farm 

5 

100 

115.8 

101.4 

102.0 

133.7 

110.5 

Ames, Path. Plots 

1 

100 

142.9 

1 95.7 

IDO.O 

1 139.2 

78.6 

Belmond 

3 

100 

98.2 

99.4 

1 96.4 


91.4 

Mason City .■ 

3 

100 

102.1 

110.4 

102.7 

121..s'' 

99.0 

Weiglited mean 

(12) 

100.0 

115.6 

108.0 

1 106.3 

132.9 

107.9 


TABLE 4. — Tielatmi of stand to yield in the 12 7'eflications of the seed-treai^ne^it ex- 
perimient cotidueted on four expert merited fields in Iowa in l,9SO^ 


Seed treatments 

(None) 

Cheek 

G-2-2 

31-C 

COB 

Cer. 

Am, 
Cy. 7 

Stand : 

Plants per 17-ft. row 

Percentage of check 

283.2 

100.0 

380.6 

134.6 

340.8 

120.3 

312.8 

110.4 

461.1 

162.7 

281.2 

1 99.3 

Yield : 

Grams per 17-ft. row 

Pereentage of cheek 

150.2 

100.0 

173.8 

115.6 

162.2 

108.0 

159.6 

106.3 

1 199.'6 
132.9 

162.1 

107.9 


■'1 Bata from tables 2 and 3. 


Table 4 shows (1) that the hig'hest field stand produeed the highest yield 
and that, except for Am. Cy. 7, the yields are directly correlated with the 
stands; and (2) that all the treatments, except Am. Cy. 7, gave inereases in 
stand and that all the treatments gave increases in yield. 

The yield data presented in table 5 for 26 replications include 14 for 
which no stand counts were made. 

Table 5 shows that yields were increased b 3 " both G-2-2 and 31-C, but 
better gains were made following the use of Ceresan. 
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TABLE 5 . — Acre yields^ from nontreated md treated Bison flaxseed sown at four places 

in Iowa, 1930 


Location of 
experimental field 

Bepli- 

cations 

Non- 

treated 

Treated with : 

G-2-2 

31-0 

COL 

Cer. 

Am. 
Cy. 7 

Cheek 

AmeSj Agr. Earm 

10 

15.15 

17.95 

16.30 

13.40 

19.75 

13.90 

Ames, Path. Plots 

10 

11.55 

12.45 

12.20 

11.20 

14.85 

11.20 

Belmond i 

3 

16.30 

16.00 

16.20 

15.70 

18.70 

14.90 

Mason City 

3 

18.30 

18.70 

20.20 

18.80 

22.30 

18.10 

Weighted mean 

(26) 

14.26 

15.70 

15.16 

13.44 

18.04 

13.46 

Percentage check 


100.0 

110.1 

106.30 

94.20 

126.50 

94.4 


a Calculated from replications of 17-ft. rows. 


Ceresan also improved the stands and yields of 5 other varieties in plots 
of 2 replications each sown on May 14. The effect on stand and yield is 
presented in table 6, in addition to the data for Bison, which has been 
brought forward from the foregoing tables. 


TABLE (3 . — Effect of Ceresan seed treatment on stands and yields of 6 varieties of flax. 

Iowa, 1930 


Variety 

Bepli- 

eations 

Stand 

Acre 

1 yield 

Bushels 

increase 

Tr. in 
per cent 
of 

Nontr. 

Plants per 17' 

Tr. in 
per cent 
of 

nontr. 

Nontr. 

Tr. 

Nontr. , 

1 

Tr. 

Bison 

26 1 




14.26 

18.04 

3.78 

126.5 

Bison 

■ 12 

283.2 

461.7 

163.0 

15.02 

19.96 

4.94 

132.9 

j 

NDE-114 

2 

598 

808 

1 

135.2 j 

7.75 

9.75 

2.00 

( 125.8 

Eedwing 

2 

456 

671 

114.7 

11.75 

13.25 

1.50 

112.6 

Linota 

o 

359 

819 

228.0 1 

7.00 

9.00 

2.00 

128.5 

Buda 

2 

252 

445 

176.4 1 

4.50 

6.50 

2.00 

144.5 

Bison 

! 2 

223 

331 

148.1 1 

6.50 

9.00 

2.50 

138.5 

Eio 

2 

124 

247 

199.0 

0.75 

8.25 

1.50 

122.1 

Mean of six 









varieties 

(12) 

335.3 

553.5 1 

165.1 

7.375 

9.291 

1.917 , 

126.0 


Table 6 shows that the stand and yield of every variety used were im- 
proved and that the mean increase for all the varieties was 65 per cent in 
stand and 26 per cent in yield. 
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SUMMARY 

Due to the exceptionally dry season, satisfactory yields of flax were 
obtained only from the first sowing, May 1; little more than half as much 
(53.4 per cent) from the second sowing, May 14; and practically no ^deld 
from the third sowing, May 31. 

When Bison fiax of high vitality was grown under a wide range of con- 
ditions the percentage of seed which produced plants varied from 14.9 to 
53.4. In the same experiments seed of the same lot treated with Ceresan 
gave percentage stands of 42.6 to 63.6. 

Seed treatment with Ceresan increased the yields of Bison flax 26.5 per 
cent in 26 replications and the yields of 5 other varieties (2 replications 
each) by percentages vai'ying from 12.6 to 44.5. 

Iowa Agricultural Experiment Station, 

Ames, Iowa. 




PYTHIUM BUTLEEI— THE CAUSE OF A BEAN WILT 

L . L . Harter and W . J . Z a u m e y i r i 

INTEODUCTION 

In a recent publication Harter and Zauineyer^ reported a -wilt of beans, 
PJiaseolus vulgmisj that occurred almost simultaneously in 1930 at 
Greeley, Colo., and Eosslyn, Ya. 

Not many days after the disease was observed in Colorado, one of the 
local growers reported that stem girdle, caused by Bacterium phaseoU 
E.F.S. or Bact. mecUcagmis var. phaseolicola Burk., was present in a num- 
ber of bean fields and was causing the death of many plants. In examin- 
ing these fields no bacterial blight ^vas found. The death of the plants in 
this instance was caused by a Pythium which produced symptoms similar 
to those observed in other fields in the same general locality. 

Pythium has long been known to cause bean-root rots and damping off ‘ 
of seedlings. However, this is the first time the writers have observed this 
organism to cause serious losses of almost mature plants under field 
conditions. 

The purpose of this paper is to supplement the previous report of the 
disease and to give a more detailed account of the malady as it appeared 
under field conditions, with special reference to symptoms and conditions 
that favor its spread and development. 

DESCRIPTION OF THE DISEASE 

P^dhium wilt begins as a water-soaked infection of the stem of the plant 
at about the soil line and progresses upward into the branches and petioles 
of the lower leaves. If the soil is drawn up to the stem, the initial infec- 
tion is in the region of the lower branches. The organism progresses rap- 
idly from the point of infection up the stem and into the branches, causing 
a water-soaked apjiearance of the surface. YTiile there is no discoloration 
of the invaded tissue, the cortex is softened so that it can be readily sepa- 
rated from the vascular tissue, a characteristic said to be common to the 
Pythiiims as a group. The infection rarely extends below the surface of 
the soil or to the roots. 

The earliest symptoms of the disease are eharaeterizecl by a slight 
wilting of the foliage in the warmer part of the day, followed by a return 
to the normal tiirgidity of the leaves at night. A few days later these 
symptoms are followed by pronounced continuous wilting in which the 

1 Bureau of Plant Industry, U. S. Department of Agriculture, Wasliingtou, D. C. 

2 Harter, L. L., and W. J. Zamneyer. A wilt of beans caused by Pythium. (Abst.) 
Phytopath. 21: 115. 1931. 
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branches droop noticeably, followed a few days later by death of the plant. 
If weather conditions are favorable, the mycelinm will grow profusely over 
the dead cortex, often from the soil line into the branches. Under suit- 
able conditions of temperature and humidity, the disease progresses so 
rapidly that the plant may be killed in a few days after infection. 

HISTORY AND GEOGRAPHIC DISTRIBUTION 

It is not believed that this disease has been observed previously on bean 
plants except as a damping off of seedlings and as a root rot. The distri- 
bution was not general in Colorado in 1930, but the disease w'as noted in 
one particular section where it was found in five large plantings, in some 
eases causing a reduction in stand of from 10 to 12 per cent. In most fields 
the amount was less. It was observed at Rosslyn, Va., for the first time 
ill 1930. 

SUSCEPTIBLE VARIETIES 

It is believed that all snap-bean varieties are susceptible to the disease; 
however, it was observed under field conditions onl 3 ^ on the Late Stringless 
Green Refugee, Round Pod Kidney Wax, Improved Kidney Wax, Hodson 
Wax, Giant Stringless Green Pod, and Black Y alentine. 

CONDITIONS FAVORABLE FOR INFECTION AND GROWTH 
OF THE FUNGUS 

Pythiuni wilt of beans was observed in Colorado and at Rossl^ni, Ya., 
about July 15, 1930. In some respects the disease appeared under quite 
different climatic conditions and in other respects under similar ones. In 
Yirginia no rain had fallen for several w^eeks. The soil, a light sandy loam, 
in which the beans were growing, was very dry and a dust mulch 3 or 4 
inches deep covered the surface. The temperatures were extremely high 
when the disease was at its worst, ranging in the daytime from 32° C, 
to 41° C. 

In Colorado the disease was observed on somewhat heavier soil. The 
water there is supplied mostly by surface irrigation, although rains may 
occur during the summer months. Plow^ever, up to the time when the dis- 
ease was noted, only 0.15 of an inch of rain had fallen. The season was 
very dry and the beans, which were from 10 to 12 inches high and growing 
vigorously, had been irrigated at least twice. The disease was observed in 
several fields close to one another and it was especially severe in a portion 
of one field that had been flooded by irrigation water. The results from 
this field alone would indicate that there is a direct correlation between 
wet soil and Pythium wdlt. On the other hand, the disease occurred, with 
identical symptoms, in other fields nearby that had not been flooded with 
irrigation water. 



1931] 


Harter and Zaumeyer : Cause of Bean Wilt 


993 


Since the temperature was high in both Colorado and Virginia, the 
experimental data and field observations indicate that it was more likely 
to be the determining factor in the severity of the disease than soil moisture. 
It is generally believed that high relative humidity, and high moisture con- 
tent of the soil are essential to the incidence of the diseases caused by 
Pythium. 

Notwithstanding the fact that a drought prevailed in Virginia when 
wilt was prevalent, records taken by a hygrothermograph showed that the 
relative humidity during the night was close to saturation, a condition 
which would be favorable to infection by Pythium and its subsequent 
development. In irrigated fields of the arid regions of the West, a high 
relative humidity or nearly saturated atmosphere might and probably did 
occur at the crown of plants for several hours at a time. As a matter of 
fact, hygrothermograph records taken in irrigated bean fields of the West 
showed that, as in the East, the relative humidity during certain nights 
was quite high, although it did not extend over so long a period of time. 
The conclusion to be drawn from these data is that the relative humidity 
is sufficiently high for a long enough period of time in both the East and 
West to permit infection. 

Pyihium Mtileriy the cause of wilt of beans, is widely distributed. It 
occurs on the roots of many crops and is the cause of decay of beans in 
shipment. Harter and Whitney^ showed that P. aphanidermatum causes 
a nesting and decay of beans in transit from the field in Florida to the 
northern markets. It has also been found on the fibrous roots of beans, 
and to be a cause of damping oif of seedlings. P. aphamdermahim is now 
found to be P. hutleriy the form that occurs on the roots of beans, and is 
the cause of nesting. 

INOCULATION EXPERIMENTS 

Cultures Avere made from diseased plants from both Colorado and Vir- 
ginia, and the organisms from the two localities w^ere identical. Inocula- 
tion experiments were made on seedlings and young plants beyond the 
seedling stage, by inserting mycelium into wounds made at the cotyledonary 
node. Some of the plants were covered with bell jars or inclosed in infec- 
tion chambers to maintain a high humidity, while others ere left uncov- 
ered. The percentage of infection w^as sufficiently high to demonstrate the 
causal relation of the fungus and reisolation proved the identity of the 
organism. The symptoms were typical of the disease as ohserved in the 
field under natural conditions. The cheeks remained healthy. Wilting of 
inoculated plants did not occur at ordinary greenhouse temperature, which 

3 Harter, L. L., and Whitney, W. A. A transit disease of snap beans caused by 
FjpJiinm aplianidermaium. Jonr. Agr. Res. 34: 443-447. 1927. 
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was inaiHtaiiied at about 21° C. during* the daytime and about 16° C. at 
niglit. When these plants were placed in an infection chamber at 30° C. 
and in an almost saturated atmosphere, wilting occurred in three to four 
days. 

It is believed that temperature is a more important factor than humidity 
in the oeeurreiice of Pythium wilt. Evidence to that effect w^as obtained 
from a greenhouse experiment in which two sets of plants, each con- 
sisting of nine plants, were similarly inoculated by inserting the fungus 
into the stem at the soil level. Sphagnum was placed around the plants at 
the points of inoculation and kept moist in the one series, while the other 
series remained uncovered. Both sets, including the checks, were held at 
ordinary greenhouse temperatures and no infection resulted. Ydien sim- 
ilar plants were placed in infection chambers at a temperature of r36° C., 
wilting followed in three to four days. It appears that a combination of 
high temperature and humidity provides ideal conditions for infection bnt 
that high temperatures are more essential for infection than high humid- 
ities. 



EEPOET OF THE FIFTEENTH ANNUAL MEETING OF 
THE PACIFIC DIVISION OF THE AMEBIC AN 
PHYTOPATHOLOGICAL SOCIETY 


OFFICERS : 

Fresident E. Carsner, U. S. Dejiartment of Agrieulture, Kiverside, California. 

F ice-Presideni -T. M. Raeder, University of IclahOj MoseoWj Idaho. 

Secret ary -Treasurer B. A. Riidolxih; U. C. Deciduous Emit Station, San Jose, California. 

Councilor C. E. Owens, State College, Corvallis, Oregon. 


The meetings of the Pacific Division of the American Phytoiiathological Society 
were held in conjunction with those of the first national summer meetings of the American 
Association for the Advancement of Science and Affiliated Societies, at the California 
Institute of Technology at Pasadena, California, on June 15, 1931, 

Thirty^five members, with friends and visitors, were in attendance. Twelve ijaioers 
were read, the titles and abstracts of which are included in the present report. 

The meetings this year were designed to x^ermit of a great number of interesting 
excursions, many of wdiich "were enjoyed by visiting members. On Monday, June 15, 
the members of the American Association for the Advancement of Science and Affiliated 
Societies were accorded a reception and private showing of the magnificent Huntington 
Gardens at San Marino, a siiburb of Pasadena. On this same oceasion the famous 
library and art gallery also 'were thrown open to members of the Association. An 
orchestra p)layed out of doors under the great oaks, rvliieli are one of the fine features 
of the gardens, and refreshments were served tliroughoiit the afternoon. 

On Friday, June 19, the Pacific Division iiathologists met with Section G of the 
American Association for the Advancement of Science and Affiliated Societies at the 
Rancho Santa Ana Botanic Gardens as the guests of Mrs. Susanna Bixby Bryant, its 
founder. Paxrnrs xiertinent to botanic gardens rvere read by Douglas H. Campbell, 
Walter T. Swingle, and II, J. Webber. Following a delicious Inneheon a visit was made 
to the botanic gardens on the estate. 

Many other free and interesting excursions to the beaches, moving-x>icture studios, 
the Mount Wilson Observatory, etc., Avere made possible through the courtesy of tbe 
IjOS Angeles Cliamber of Commerce and other organizations. 

B. A. Rubolpii, Secn'etary-Treasiirer 

ABSTRACTS 

The curing of exaniherna hi/ the injection, of copper sulphate into the tree . — ^TI. E. 
Thomas. 

Results obtained in central California over a period of 24 years indicate that pow- 
dered copper siilxiliate, injected during the dormant season into holes hored in the base of 
the tree trunk, may successfully control exanthema in deciduous fruit trees. The amount 
necessary to cure the disease apjiears to vary. Two grams "was insufficient at times to 
eliminate all burning in large trees. Injections of 15 and 20 gm. did not cause injury. 
While the addition of copi>er sulphate to the soil around the base of diseased trees in 
one orchard failed to decrease noticeably the amount of burning in the top, the injection 
of from 4 to 6 gm. of the sulphate into the crown xiroduced trees entirely free of burn 
or dying tips. Limited trials indicate eop)pBr acetate and chloride effectively cure the 
disease, Coxiper tartrate, phosxihate, and carbonate failed, to give satisfactory results. 
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Speeiilatioii arises as to the role of copper in this disease. It may be necessary as an 
essential element for the growth of the tree, diseased trees having insufficient copper; 
or it may act in neutralizing some toxic substance taken up by the tree from the soil in 
which the tree is growing. 


Developmental stages of Seterodera radicicola in pineapple and cowpea roots. — G. IT. 

Godfrey and Juliette Oliveira. 

Large numbers of young, actively growing roots of pineapple and cowpea were 
heavily inoculated with recently hatched larvae of the root-knot nematode and then, 
at regular intervals, roots were excised, washed, killed in Hlemiiig^s, fixed, dehydrated 
in graded alcohols, and cleared in clove oil. The results were series of roots showing 
clearly the successive stages of nematode development and relationship to the root tis- 
sues, beginning with earliest xrenetration and ending with the initiation of a new genera- 
tion. The nematodes were stained dark and stood out clearly in their natural position 
in the root tissues. A series of photographs of about 16-diameter magnification records 
this graphically. Permanent slides were made by infiltration with balsam. A striking 
develoxonient from this stuly is that the length of life history varies greatly between the 
two host plants, growing conditions being identical, as both plants were inoculated at 
precisely the same time. The life cycle is much longer in the pineapiile roots. 

Verticilliosis of straioherries . — H. E. Thomas. 

It aioi^ears that Vert will mm alho-atr'iim is capable of causing a disease in straw- 
berries. Plants set at San Jose, California, in soil accidentally infected with Yerti- 
eillinni were showing marked symptoms of distress 3 months after planting. The outer- 
most leaves of infected plants wilt, turn brown, and die, or burn at the edge, leaving an 
irregular green center in the leaf. Affected plants may die slowly but often partially 
recover. Occasionally, a rather sudden wilt occurs. Yertieillium was readily isolated 
from the crowns of such plants but was never taken from the roots. Several dying- 
plants taken from commercial patches yielded the fungns upon cnlturing from the 
crowns. Thirty strawberry j)lants of the Nick Olimer variety vrere set in sterilized soil 
in 6-ineh pots in the greenhouse and inoculated with pure cultures of Verticilliufn alho- 
atrum. Five months later 50 joer cent of the inoculated plants showed wilting and dying 
in varying degree, similar to that occurring in the field. The remaining 50 per cent 
appeared to be unaffected by the inoculation. Twenty cheek plants remained healthy. 
The fungus was isolated from the crowns of the diseased plants hut not from the ehecks'. 

A new disease of mai^e and leans. — ^W. W. Mackie. 

Ill the suiniiier of 1929 a new disease \vas found in maize and beans. The fungus 
was identified as MJimoctoma lataticola (Taiib.) Butler, It is easily recognized by the 
presence in the stele of dense black sclerotia about 120 to 200 microns in diameter. It 
is transmitted from sclerotia to sclei'otia in maize and beans. In culture media about 
6 days are required to again reproduce the sclerotia. In beans and maize the sele- 
rotia are found in the roots and in the plant steins to a point not beyond 10 or 12 
inches above the soil. In beans the black sclerotia are found deeply embedded in the 
stele. Ill maize and beans they cluster about the vascular bundles but are found also 
in the pith. Wilt and premature ripening ensue, with a reduction in the size of the 
plant and the seed. All commercially grown beans in California, except Large Limas, 
and all subspecies of maize were attacked. Eesistant varieties were found. 
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A prelmvinary report on resistance to curly top of sugar 'beets in bean hybrids and 
varieties . — W. Mackie and Katherine Esau, 

Since 1919 curly top of sugar beets has been known to attack beans. To test the 
resistance of bean hybrids and varieties short rows were infested with infective nymphs 
of Eiitettix teneUus, at the fourth-leaf stage, with the following results. 



1 


2 


3 


4 


5 


G-rades of 
resistance 

Immune, or 
no visible 
damage 

Slight 

injury 

Considerable 

injury 

Heavy 

injury 

Destruction 


No. of 
varie- 
ties 

Per 

cent 

No. of 
varie- 
ties 

Per 

cent 

No. of 
varie- 
ties 

Per 

cent 

No. of 
varie- 
ties 

Per 

cent 

No. of 
varie- 
ties 

Per 

cent 

Tliaseolus vul- 
garis 
White 

3 

4.7 

3 

4.7 

9 

14.0 

16 • 

25.0 

33 

51.6 

Pink 
or rose 

5 

35.6 

2 

14.2 

2 

14.2 

1 

7.0 

4 

29.0 

Mottled 

2 

20.0 

3 

30.0 

1 

10.0 

1 

10.0 

3 

30.0 

P. muliifiorus 
White 

P. lunatus 
sieva 
White 

0 

0.0 

1 

1 

.100.0 

17.0 

4 

66.0 

1 

17.0 




In the cross between Kobust, a white pea bean, resistant to mosaic, and California 
Pink, resistant to curly top, a number of fixed resistant hybrids were secured in both 
pink and wdiite beans. Correlation between pink or red color and resistance was found 
to be only partial, indicating that white beans can be secured that are resistant to curly 
top. Continued resistance to both curly top and bean mosaic may he secured in both 
wdiite and pink beans of the siieeies Phaseolus vulgaris. 

iExperimenial freemng of apple trees. — J. H, Crenshaw and J. S. Cooley. 

In exi:)erimental studies of x^erennial aiojile canker it seemed desirable to freeze x^^i’ts 
of ax:)i:)le trees having received different x^reiiaratory treatments. 

Method: The limb to be frozen was fitted into notches in the tox:) of an insulated 
box containing the refrigerant. Two different refrigerants ■were used. A mixture of 
Ca Ch and snow gave a minimum temperature of -25° to -35° P., but reixuired re- 
charging at 3- to 5-honr intervals. By using solid COa in definite amounts as the re- 
frigerant, temperatures could be controlled as low as needed by recharging at intervals 
of 24 to 36 hours. A temperature of —40° P. was easily obtained. Freezing w^as done 
across a fertilizer plot at three different times, viz., late fall, midwinter, and early spring. 
The tyxoes of wounds frozen were healthy calluses, old cankers, and fresh pruning wounds. 
Some of the calluses had been kept free from aphis, while others were aphis infested. 

Eesults: The killing resulting from freezing on November 30 was much severer than 
that on January 1. Callus tissue was more susceptible to freezing than normal bark. 
Woolly-aphis-infested calluses w^ere more suseeiotible to cold injury than aphis-free 
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ealluses. Presli -ivouiids -were more severely injured than callused ivounds. Cankers 
were more susceptible to injury than sounil-liealmg ealluses. ISTo positive correlation 
between fertilizer treatment and freezing injury was noted. 


Trmizsclielia imnctata on cultivated anemone In the ^^anta Clara Valley. — C. E.mltcn Scott 

and Gilbert L. Stout. 

In March^ 1931, attention was called to an anemone planting near San J ose in which 
a rust infection was severe. Leaves of almond, apricot, elierry, nectarine, peach, plum, 
and pr^^ne, in Petri dishes, were inoculated by dusting with aeciospores from these 
anemones. Infection took place and uredinia containing urediniospores typical of 
Tran^scJieUa punctata were produced in 12 to 20 days on all of the hosts except cherry. 
The aecial stage of the stone-fruit rust has not been reported previously from the Paeifie 
Coast, but specimeiis of cultivated anemones hearing aecia, collected at Salem, Oregon, 
in 192S, and received from H. P. Barss, as Avell as similar material collected near San 
Jose, California, in 1927, by L, R. Cody, are deiiosited in the pathological lierbarium of 
the California Department of Agriculture. 

Blacl' scorch of the date palm. — L. J. Hlotz and II. S. Fawcett. 

A fungus disease of economic importance has been found on date palms in Cali- 
fornia, Arizona, and Northern Africa. Preliminary survey indicates that all varieties 
of the date palm probably are susceptible. The disease has been found ocinuTing natu- 
rally Dll all parts of the plant except the roots and stem, and these latter organs have, 
by artificial inoculation, been found readily susceptible. The most typical lesion is a 
dark brown to black, hard carbonaceous, scorcliiiig effect on petioles, midrib, and fruit 
strands and fruit stalks, which suggests scorch as the eoimnon name. IMany of 

the fruit strands may be completely severed by the attack and the crop materially 
lessened. Wounding was shown to be unnecessary for infection of fruit strands. The 
decay is most serious where it attacks the terminal bud, either killing the palm or, when 
not fatal, producing the so-called ^ ^fool-disease’^ effect, in which the injured terminal 
bud grows out laterally, setting the normal growth of the palm back several years. Both 
the hyaline and the brow'u spores of the fungus Thielaviopsls sp., iirobably T. paradoxa 
(De Seynes) von Hohnel, are found on the surface of the lesions. The eonidia originate 
endogencmsly in iiiiiseriate chains from subliyaliue conidioxihores. Tlie optimum tem- 
perature for fungus in culture lies between 24° C. and 274° C. ; it makes very little 
growth at 32° C. The brown spores apparently need a rest pieriod before germination. 
The hyaline eonidia germinate readily without a rest period, sending out one, oecasion- 
ally two, gei*m tubes from any place on its xierix>hery. In germinating, tlie protoplast 
of the mature maeroeonidiiim bursts through a longitudinal slit liberating a globule of 
naked protofjlasm which jiroceeds to grow into mycelium. The hypliae are sulihyaline 
with cross walls and show a strong tendency to anastomose and form branches at right 
angles to the piarent hyxffiae. 

To control the Tualady, the affected fronds, leaf bases, and inflorescences sliould be 
lUTiiied out and the pruning cuts and snrroimdiiig tissues disinfected. Prelbiimary ex- 
periments indicate that copper sprays and dusts may be effective. 

Graft transmissions of curly top in tomatoes (tomato yelloios) .-—M. Shapovalov. 

Young, healthy tomato plants, about 3-4 inches high, grown in pots under green- 
house conditions at Berkeley, were iiioeiilated by exposing one leaf of each plant to 



1931] 


Fifteenth Annual Meeting 


999 


viruliferoiis beet leaf hoppers^ ienellus Baker, for 1 week. Tlie inoeulated 

plants were then grafted by the approach method with healthy plants of the same age. 
Some of these plants were shaded. On the average a higher inmiher of transmissions 
was obtained by inoculation with viruliferous insects than by grafting. The percentage 
of graft-transmitted cases of the disease was nearly equal to that of the inseet-trans- 
niitted eases when grafts -were made immediately after the removal of the in- 
sects. When there was an interval of 2 or more days between these two operations, a 
certain percentage of the grafts failed to show symptoms of the disease. Some of the 
X>lants that did not show the symptoms also failed to show the presence of the virus when 
tested with nonviruliferous insects fed afterwards to healthy sugar beets. Exposure of 
inocnlated and grafted plants to additional artificial light in the evening, produced by 
four 500-Avatt Mazda lamps, for the duration of 4 to 6 hours, accelerated the rate of 
disease development, whereas muslin shading retarded it. Ho signiheant changes ap- 
])eared in the final percentages of the disease. 

Strealc, a virus disease of peas transmuted ly TJirips ta'baci. — M. B. Linfoed. 

A disease of canners’ peas, sativum L., characterized by a streaked and 

spotted brown necrosis of pods, stems, and leaves, was found by the -writer, in 1928, 
widely distributed across the United States, On pods necrotic circular pitting may de- 
velop, or the whole pod may collapse. On leaves the injury may begin with spotting or 
with brown vein streaking extending down the stems as a phloem necrosis. The pods 
alone, the stem a]:) ex, or the entire plant may become necrotic. No microorganisms have 
been found associated with this disease. During investigations of pineapple yellow spot 
in Hawaii, infective thrips, Thrips tal)oci Lindeman, were transferred to peas from in- 
fected EinlJia sagittaia (Vahl) DC. Symptoms developed that apioear identical with 
pea streak and that do not follow feeding of noiiinfeetive thrips. Of 45 plants so 
treated, 21 have become infected. Individual thrips have transmitted infeetion. Thrips 
reared on infected peas have transmitted to peas, reproducing streak, and to pineapple, 
producing typical yellow spot. In peas the incubation period is about 12 to 20 days. 
Streak caused by the yellow-spot virus occurs in market-garden plantings near Honolulu. 
It is suggested that streak on the mainland is caused by either this or a related virus. 

Further studies of transmissio7i of the pineapple yeUow-spoi virus hy Thrips tahaci.— 

M. B. Linford. 

Further studies of the transmission of the pineapple yellow-spot virus by TJirips 
f ah act Ijiiideman have revealed a specialized relationship between virus and insect. 
Emilia sagittata (F. fla^mnea) was the chief test plant, supplemented by pineapple and 
others. The thrips were from three noninfeetive colonies reared each from an individ- 
ual larva. The yellow-spot virus is transmitted by both adults and large larvae reared 
on infected plants. The virus survives pupation. A single insect may transmit. When 
adults from nonhifective colonies are allowed to feed upon diseased plants they appear 
never to become infective. Progeny of these adults, allowed to develop on the same 
diseased lolants, do become infective. Also, larvae from noninfeetive colonies allowed 
to feed upon diseased plants become infective and may transmit the virus while either 
larvae or adults. The failure of adults to become infective has been showm consistently 
in tests with thrips from a uniform source exposed to four species of host plants as the 
source of virus. In the larvae there is an incubation period lasting approximately 10 
days. This virus is not readily transmitted by mechanical means. Host plants of the 
yellowy-spot virus include members of several unrelated families. 
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Belation of perennial apple canher to its environmeni. — Jacquelijn S. Cooley and 

Elmer V. Shear. 

Peiennial apple canker lias a yqtj restrieted geographical range, it being confined 
largely to the valleys of the Cascade Mountains. A study was made of the yearly and 
seasonal rainfall and minimum winter temperature in fruit regions of the Pacific North- 
west where perennial canker is present or absent. There appears to be a definite corre- 
lation between the severity of canker infection and winter precipitation only in areas 
where temperature is sufftciently low. Results are given confirming last yearns report’ 
that local callus winter injury serves as the main court of infection for the canker fun- 
gus. Experimental infections, how^ever, have been obtained without winter injury. 
Evidence shows that woolly aphis infestation may increase the susceptibility of calluses 
to winter injury, with resulting canker growth. Both natural and experimentally pro- 
duced callus, winter injury, and subsequent canker infection have been recorded where 
there had been no aphis infestation. In the fall of 1930, at the higher elevations in the 
Hood River Valley, where fall rains and sj)ore discharge occurred before fruit harvest, 
canker rot of fruit in storage was severe. In the Lower Valley spore production oe- 
eurred later, due to temperature conditions and the absence of rain. Emit harvest was 
earlier, with the result that there was little loss from canker rot in storage. 
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INTRODUCTION 

The rusts eomprise a distinct group of the Basidioniyeetes. They are 
all parasitic, and some of them may, under favorable conditions, cause de- 
structive epidemics. On account of their obligate parasitism, they present 
considerable difficulties to cultural studies. Owing to this fact, possibly, 
certain aspects of their developmental cycle have remained obscure. They 
have, how^ever, been the subjects of a great deal of investigation. The 
black stem rust of cereals has been studied more than any other rust fungus. 
In general, it may be said that the amount of study given to a particular 
species has been about proportional to its economic importance. 

This paper is a contribution to our knowledge of the rust fungi, par- 
ticailarly in respect to their sexuality; and the observations about to be 
recorded have been made on Puccinia graminis Pers., P. helicmthi Schw., 
P. coronaia Corda, P. PringsJieimiana Kleb., and a species of Gymnospor- 
angiiim. 

HISTORICAL SUMMARY 

Our knowledge of the life history of rust fungi made a great advance 
in the middle of the nineteenth century. Previous to that time each spore 
form was regarded as belonging to a distinct genus. Tnlasne (79), in 
1854, shoAved that the uredinial and telial sori that are found on stems of 
wheat are not derived from two rust species, as had previously been be- 
lieved, but that they are products of the mycelium of one and the same 
species, namely, Pitccinia graminis. In 1865, de Bary (17) established ex- 
perimentally the genetic connection of the. two stages of the rust fungus 
on wheat with the aecial stage [AecicUum terlyeris Pers.) on the barberry. 
He inoculated barberry plants with sporidia from germinating teliospores. 
Prom these inoculations arose pycnia and aecia. "Wheat plants inoculated 
with the aeciospores produced iiredinia and telia. Thus he demonstrated 

1 Contribution from the Division of Botany, Department of Agriculture, Ottawa, 
Canada. This memoir was awarded the Eriksson Prize for Cereal Bust Investigations, 
1930. It was submitted to the University of Manitoba in the spring of 1930 as a thesis 
in partial fulfilment of the requirements for the Ph.D. degree. 
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that P. graminis produces five spore forms which appear in regular se- 
quence: pycniospoxes in p^^enia; aeciospores in aeeia; urediniospores in 
iiredinia; teliospores in telia; and sporidia on the hasidium derived from 
a germinating teliosp ore. 

Pycnia were discovered by Unger (81) in 1833 and were considered b.y 
him to be the fructification of a distinct fungus. Since that time the 
pycnia have been the object of much speculation. Meyen (50) noticed the 
close association of pycnia and aeeia and suggested that they represented 
the sexual organs of one and the same fungus. This view was supported 
by Tulasne (80). As the pycniospores were apparently lacking in powder 
of germination and as the pycnia bear a striking resemblance to structures 
in collemaceous lichens, believed to be sexual in nature, Tulasne (78) called 
the pycnia spermogonia. De Bary (IB) inclined to the view that the sper- 
mogonia of the rust fungi are male organs, producing spermatia which are 
apparently incapable of germination; but he pointed out that pycnia (sper- 
niogonia) are unaccompanied by aeeia in some rusts, and, in some other 
rusts, aeeia are unaccompanied by pycnia. He therefore considered it best, 
until further knowledge became available, to regard the pycnia as organs 
whose physiological significance w^as doubtful. The germination of pycnio- 
spores of rust fungi was observed by Cornu and Roze (11), and the germi- 
nation of the spermatia of lichens by Moller (51). They regarded these 
spore forms as conidia. The fact that pycniospores had been obseiwed to 
germinate and that aeeia are sometimes unaccompanied by pycnia led 
Brefeld (8) to oppose the idea of sexuality in the rusts and to consider the 
pycnia not as spermogonia but as asexual reproductive organs to which the 
name pycnidia should be applied. Klebahn (33) opposed the view that the 
pycnia are male organs but pointed out that the pycniospores do not be- 
have like conidia. Plowright (61) arrived at much the same conclusion. 
If the pycniospores are conidia, they should, in his opinion, be able to infect 
the host plant, but he was never able to prove such infections experimen- 
tally. However, he observed the germination of pycniospores in sugar 
solutions. 

The opinion of Brefeld that the pycnia are not male organs was more 
or less generally accepted until 1904, when Blackman (6) revived the 
theory of the sexual nature of the pycnia. He supposed that the pycnio- 
spores were once functional, like the spermatia of the red seaweeds, but 
that they became funetionless when the trichogynes of the rusts disap- 
peared. In support of his view that pycniospores are functionless male 
cells, he referred to the density of their nuclei, the paucity of their cyto- 
plasm, and the thinness of their cell wall. In addition, he pointed out that 
pycniospores possess but feeble power of vegetative development and are 
(as far as known) incapable of producing infection. Christman (10) in- 
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dined to the view that the pycnia once produced functional asexual garnet o- 
phytic spores — conidia — as do the pycnidia of Ascomycetes* He (questioned 
the belief that the pycniospores are funetionless, although he admitted that 
their nature was not very evident. It was McAlpine’s (47) belief that the 
pyenia are isolated organs and that, whatever their original function may 
have been, they are now quite functionless. Grove (25) advanced eight 
reasons in support of the assumption that the pycniospores represent func- 
tionless male cells. Later investigators accepted one or other of these two 
theories, but the opinion was fairly unanimous that the pycnia, whether 
they were originally asexual garnet ophytic reproductive organs or sexual 
organs producing spermatia, are no longer functional. The view that the 
pycniospores ar^ functionless was very definitely expressed by Gwynne- 
Vaughan and Barnes (2-6) in their text-book published in 1927. 

Cytological investigations have made important contributions to our 
knowledge of the imst fungi. In 1880, Schmitz (67) discovered paired 
nuclei in the mycelium and urediniospores of Coleosporhcm campamdae 
(Pers.) Lev. Two nuclei were seen by Rosen (64) in the aeciospores of 
Uromyces pm (Pers.) de Bary and in the young teliospores of Pucaima 
asarina Kunze but only one in the mature teliospores. Poirault and Raci- 
borski (62) introduced the term ‘‘conjugate nuclei’’ for the paired nuclei 
and made some observations on the chromosomal behavior during nuclear 
fusion and reduction. A comprehensive study of the myeelia and fructifi- 
cations of a large number of rust species was made by Sappin-Trouffy (66). 
He found that the pycniospores and the hyphae which produce them are 
uninucleate,- that the aeciospores, urediniospores, and the hyphae arising 
from them are binucleate, as are also the cells of the immature teliospores, 
but that, before germination, the cells of the teliospores become uninucleate 
through the fusion of their conjugate nuclei. Two divisions occur in the 
basidium, one of which is a reduction division, so that the four basidio- 
spores are uninucleate and produce uninucleate myeelia. He considered 
that the fusion of the two nuclei in the teliospore represents a true sexual 
process but paid little attention to the origin of the binucleate condition in 
the aeciospores. 

The origin of the binucleate condition was investigated by Blackman 
(6), who found that in Phragmidiim violaceum Wint. the nucleus of one 
cell migrates through a pore into a neighboring cell. He interpreted this 
as the beginning of a sexual act which culminates in the fusion of the 
two nuclei in the teliospore. Christman (10), in a similar study on 
P. specios'imi Burrill, found that fusion occurs between two neighboring 
cells and suggested that the nuclear migration observed by Blackman might 
have been due to a pathological condition. Nuclear migration also has 
been observed by Welsford (89), Kursanov (38), and several others; but 
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most of til e later workers, Olive (58), Kursanov (37), Fromme (23), Maire 
(46), Lindfors (42), etc., have found that the conjugate condition of nuclei 
in the spore bed of the aecia of many rust species is due to cell fusion, 
although both types have been found in some species (38, 42, 58). Very 
recently, Hanna (29) has shown that cell fusion occurs in Ficodnia graminis. 

The phenomenon of heterothallism is known to occur in the Phyco- 
mycetes, the Ascomycetes, and the Basidiomycetes. It has been demon- 
strated experimentally: in the Phy corny cetes, by Blakeslee (7) in Mucor 
and other Mucorineae, and by Couch (12) in Dictyuchus; in the Aseo- 
myeetes, by Dodge (20) in Ascoholus magnificiis Dodge, by Betts (5) in 
A. carionarms Karst., by Derx (18) in Penicilliumy by Wieben (90) in 
TaphrinUy and by Shear and Dodge (69) in Neiirospora siiophila Shear & 
Dodge and N. crassa Shear & Dodge. Dodge (21) secured fertile hybrids 
from a cross between N. siiophila and N. ietrasperma Shear & Dodge. 

In the Hymen omycetes heterothallism has been shown to occur : by Mile. 
Bensaude (4) in Coprinus fimetaniis (Lin.) Fr. ; by Kniep (34, 36) in 
SchizoiAiylUlm commune Fr. snid Aleuro discus polygonms v. Hoehn. 

& Litsch; by Miss Mounce (53, 54) in Coiyrinus lagopus Fr., C. niveus Fr., 
and Fomes pinicolci Swartz; by Yanden dries (82, 83, 84) in Collylia velii- 
iipes Court., Hypholoma fasiciilare Huds., Panaeolus campannlahis L., 
P. sef^aratus L., P. finiicola Pr., and Coprinus radians Desm. ; by Brunswik 
(9) in a number of species of Coprinus; by Miss D. E. Newton (55) in 
Coprinus Rostrupiamis Hansen; and by Miss Gilmore (24) in Psilocyhe 
copropJiila Bull. 

Among the smut fungi, Kniep (35) found evidence of heterothallism 
in ZJsUlago violacea Pers. ; Stakman and Christensen (71), in Z7. zeae. 
(Beckm.) Ung. ; Dickinson (19) in 77. levis (Kell. & Sw.) Magn. and 
V. hordei (Pers.) Kell. & Sw. ; and Hanna (28) in 77. zeae and Sorosporium 
reilimum (Kuhn) Me Alp. 

Until 1894, Puccinia graminis was considered to be a single species 
capable of attacking all of the common cereals and grasses, but in that year 
Eriksson (22) showed that it consisted of several pathogenic strains or 
forms, each of which is specific for certain gramineous hosts. These strains 
he designated as ''formae speciales’^ and classified them according to their 
infective capabilities as follows: P. graminis iritici Eriks. & Henn. on 
wheat, P. graminis avenae Eriks & Henn. on oats, P. graminis secalis on 
rye, P. graminis airae Eriks. & Henn. on Aira, P. graminis agrostis Eriks. 
& Henn. on Agrostis, and P. graminis poae Eriks. & Henn. on Poa. All 
had the common barberry as an aecial host. Kesnlts of a confirmatory na- 
ture were obtained by Eostrup (65), Magnus (43), Plitclicock and Carleton 
(30), Klebahn (32), and Ward (87). 
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A careful study by Stakman and Piemeisel (76) in 1917 revealed that 
Puccinia graminis triiici was not a simple form but consisted of at least 2 
pathogenic strains. In the following year, a third strain was identified by 
Melehers and Parker (49) and a fourth one by Levine and Stakman (40). 
By using twelve standard varieties, of wheat, called ‘'differential hosts/' 
Stakman and his coworkers (72, 75, 77) have been able to distinguish a 
large number of pathogenic forms by their reaction on these hosts. Newton, 
Johnson and Brown (56) have reported 8 additional forms. As the mor- 
phological characters of all these strains are more or less identical, the dis- 
similarity of their reactions is considered to be due to physiological differ- 
ences in the strains, and, hence, the strains are now referred to as '‘physio- 
logic forms." 

Not only has physiologic specialization been found in Pucnnia grmiinis 
hut it has been demonstrated by Stakman, Levine, and Bailey (73) 
in P. graminis avenae and by Levine and Stakman (41) in P. graminis 
secalis. It has also been shown to occur in other rusts. Mains and Jack- 
son (45) distinguished 12 forms in P. triticina Eriks.,* Mains (44), 4 forms 
in P. sorgi Schw. and 2 in P. anomala Rostr. ,* Hoerner (31), 4 forms in 
P. coronaia Corda; and Bailey (3), at least 3 forms in P. helianihi Schw. 
These citations are sufficient to indicate that the phenomenon of physio- 
logical specialization occurs more or less generally among the rust fungi. 

From the historical summary just concluded, it is evident that prior to 
1926, at which time the investigation here recorded was begun, many funda- 
mental facts concerning the life history of Puccinia graminis had been 
brought to light j it was known that this rust is heteroecious ; that fusion 
of the conjugate nuclei occurs in the teliospores prior to germination ; that 
reduction takes place in the basidium; that the sporidia give rise to uni- 
nucleate mycelia,* and that the aeciospores are binucleate. By inference 
from what was known to occur in other rusts, the binucleate condition of 
the aeciospores was supposed to arise either by cell fusion or nuclear migra- 
tion in the aecial spore bed. It was known also that physiological speciali- 
zation in P. graminis is very pronounced. And, finally, it was generally 
agreed that, whatever the original function of the pycnia may have been, 
that function had been lost. 

No one up to the year 1927 ever had studied the problem of sex in 
Puccinia graminis or any other rust experimentally; but, in that year, the 
writer w'as able to announce that P. graminis is heterothallie and that the 
pycnia are functional (13, 14). A further communication from the writer 
(15) in 1928 contained additional observations on sex in the rust fungi. 

PROBLEM stated 

Black stem rust {Puccinia graminis) is one of the most destructive dis- 
eases of cereal crops. As already stated, P. graminis is not a simple 
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species but comprises a large number of physiologic forms. The fact that 
one cereal variety may be highly resistant to one or more physiologic forms 
hut quite susceptible to other forms has very materially impeded the plant 
breeder in his effort to produce rust-resistant varieties of cereals. Whether 
or not new physiologic forms arise from time to time under natural con- 
ditions was not known, but it was argued theoretically that if P. graminis 
is het er 0 til alii c any two physiologic forms of this organism may hybridize 
on the barberry and so produce new forms which may render breeding for 
rust resistance more or less futile. Stakman, Levine, and Leach [75), as 
early as 1919, mentioned the possibility of hybridization of physiologic 
forms occurring on the barberry. Whether or not hybridization does take 
place is a question of very practical importance, as well as one of consider- 
able scientific interest. The writer undertook to investigate this problem. 

It seemed obvious to him that the first step in the investigation was to 
discover whether Fuocinia graminis is homothallic or heterothallic. Both 
homothallic and heterothallic species are known among the Basidiomyeetes. 
No sexual differentiation was found by Miss Mounce (52) to exist in the 
basidiospores of Coprinus sterqiiilmus Fr. or of C. stercorarms Gillet, or 
by Brunswik (9), in the basidiospores of C. narcoUcAis Fr. or of C. ephmie- 
roides Fr. On the other hand, Kniep [35) showed that the basidiospores 
of UsHlago violacea are divisible into two sexual groups, and a similar con- 
dition was demonstrated by Yandendries (84) in (7. rad/ians and by Miss D. 
E. Newton (55) in 0. Bostrupian%is. Four sexual groups of spores were 
found by Kniep [34, 36) in ScMzophyllum commune and Aleurodiscns 
polygonius, and by Hanna (27) in C. lag opus. It was therefore possible 
that one of these three conditions might exist in P. graminis. 

If the sporidia of this rust are not differentiated for sex, or, in other 
words, if the species is homothallic and its sporidia are all sexually alike, 
an infection of a barberry leaf by a single sporidium should produce a 
pustule in which normal aecia would arise. If the sporidia were differ- 
entiated for sex, or, in other words, if the species is heterothallic and its 
spores are divisible sexually into 2 or 4 groups, an infection by a single 
sporidium should produce a mycelium which would remain in the haploid 
condition. Aecia would not be expected to develop, therefore, in such a 
pustule, unless indeed, a spontaneous change from the haploid to the diploid 
condition occurs, similar to that found by Yandendries [85, 86) in Coprinus 
radians and G. micaceus (Bull) Fr., and by Miss D. E. Newton (55) in 
G. Bosirupiamts. Aecia might be expected, however, to arise in a com- 
pound pustule formed by the coalescence of two monosporidial pustules of 
opposite sex, but not in a compound pustule formed by two coalescing 
pustules of the same sex or of two sexes incapable of interacting sexually. 
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In attempting to elucidate the sexual condition of Pitccinia graminis 
from the point of view of the possibilities just discussed, it v^as necessary 
to obtain two kinds of pustules: (1) simple pustules, each derived from the 
sowing of a single sporidium and (2) compound pustules, each derived 
from the sowing of two sporidia very close to each other and from the 
eventual coalescence of the two simple pustules resulting therefrom. 

MATERIALS 

As the primary object of the work w^as a study of the sexual behavior of 
PiiGciniOf graminis, this rust was used throughout the investigation, and 
exclusively in 1926. For reasons that will be mentioned later, P. helianthi 
was used extensively in the experiments of 1927. The source of the telial 
material of P. graminis was heavily infected culms of wild barley, Hordeum 
jubatnm DC., and that of P. helianthi, withered leaves of the cultivated 
sunflower, Helianthus anniius L. Collections of both rusts were made at 
the Agricultural College, Winnipeg, Manitoba. 

For convenience in handling, only small plants of the respective hosts 
were employed. The barberry plants varied from 6 to 12 in. in height 
and grew singly in 6-in. flower pots. Sunflower seedlings w^ere grown in 
similar pots, usually 4 or 5 to a pot. They were inoculated as soon as the 
first foliage leaves were 1 in. in length. 

Owing to the fact that barberry leaves become very highly resistant to 
infection after they are 12 days old, only young leaves of this plant were 
successfully inoculated. Moreover, as a leaf grows older, it appears to 
offer progressively greater resistance to the spread of the mycelium through 
its tissues. The older the leaf when infected, the smaller usually is the 
pustule that arises from the infection. 

METHODS 

Inoculations were made by two methods, A and B. By method A, 
sporidia were picked off their sterigmata and deposited, either singly or in 
pairs, in a drop of water on the leaf of the host plant. By method B, 
sporidia were sown sparsely over the leaves of the host plant. 

Method A was employed exclusively during 1926. It was not, however, 
very productive of results, but as it was the method by which the first 
results were obtained and as, in the opinion of the writer, the comparative 
failure attending its employment was not inherent in the mechanism or 
manipulation of the spore-picking apparatus but attributable to another 
factor, a description of the apparatus and its operation will be given in 
detail. 

(1) Method A 

Before inoculations could be made by this method, it was necessary to 
construct a spore-picking device which w^as amenable to rather quick 
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manipulation. A drop of water beg*iiis to form at the base of a sporidium 
just about 15 seconds before the sporidium is discharged. The formation 
of this drop indicates that the sporidium is mature. Only mature sporidia 
\vere desired for inoculating barberry leaves. Contact had to be made with 
a sporidium while its drop was being excreted, i.&., within a period of 15 
seconds. Also, a moist chamber was req[uired in which an optimum 
humidity for teliospore germination could be maintained and still permit 
ready access to an instrument to pick off the sporidia. 



Fig. 1. A. View of right-hana side of microscope showing one inechanical stage 
in the usual position and another inverted and clamped to the projection on the sub- 
stage which supported the iris diaphragm. B. Yiew of mechanical stage in inverted 
position showing* the upright pillar, 1 ; the horizontal arm, with its curved notch 
(towards the left end); and the spring clip, 5. The stage is ready to be attached to 
the microscope. C. View of left-hand side of microseope showing capillary tube with 
attached rubber tubbing in position and ready for use. 

Apparatus. Tlie iris diaphragm was removed from a Leitz microscope 
and to the projection which supported the diaphragm was clamped iu an 
inverted position a mechanical stage (Fig. 1, A). The swing arm of the 
stage was disjoined and at its place of attachment was erected a V'ooden 
pillar, 1, as shown in fig. 1, B. At the top of 1, a short wooden arm, 2, was 
fixed at right angles. On the upper side of 2, a spring clip, 3, was firmly 
secured. 

A short piece of glass tubing, 5 mm. in diameter, was drawn out to a 
fine capillary bore. The unreduced part was fitted into the end of a piece 
of soft rubber tubing about 8 in. in length and of the same diameter as the 
glass tube. Thus connected, the two were mounted as seen in figure 1, C. 
The part of the glass tube covered by the rubber tubing was placed in the 
notch (Fig. 1, B) cut on the upper side of 2 and was held in position by 
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the spring clip, 3. The capillary part of the tube reached to the proximal 
edge of the field of view of the microscope ; and the free end of the rubber 
tubing, closed by a spring clamp, rested on the table (Fig. 1, C). 

It was then possible to raise or lower the capillary tube by means of 
the rack and pinion which served to adjust the substage of the microscope ; 
and to move it from right to left, or from front to rear, within limits, by the 
inverted mechanical stage. 



Fig. 2. A. Pattern to 'wliich a piece of Bristol board wag cut to form the walls of 
a moist chamber. The Bristol board was folded along the dotted lines so that the two 
wings, marked a, projected outward and lay flat on the surface of the glass slide. The 
narrow end, marked h, overlapped the corresponding portion of the other end, marked c, 
and was glued to it. Slightly reduced. B. Moist chamber showing rectangular opening 
in front to the right, the notch and hole in the two side wa^a, and the filter-paper pad. 
Slightly reduced. G. Top view of moist chamber showing the filter -paper lining (white) 
and the piece of straw bearing telia mounted on the pin and ready for use. Actual size. 
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To form a moist oliamber, a heavy strip of Bristol board was ent to the 
pattern shown in figure 2, A, and folded along the dotted lines; so that, 
when completed and cemented to a glass slide, it presented the appearance 
shown in figure 2, B. Before being cemented to the slide, it was dipped 
in liquid paraffin to prevent water absorption when in use. The rectangu- 
lar opening in the front (Pig. 2, B) afforded access to the interior. A 
filter-paper pad lined the interior of the other three sides. Midway across 
the chamber lay a small wooden pin (Pig. 2, C), supported at one end by 
a small hole in one side wall of the chamber and, at the other end, by the 
notch cut in the opposite side wall. The pin projected about half an inch 
beyond the side of the chamber so that it could easily be reached by the 
hand and be rotated by the thumb and finger. 

Preparation of inoculum. A straw bearing numerous telial sori was 
soaked in water for about 1 hour. Prom it was cut off a piece just long 
enough to reach across the moist chamber. The wooden pin was passed 
through the hollow center of the piece of straw and was then replaced 
in the chamber, as shown in figure 2, C. Sufficient water was added to the 
filter-paper pad to wet it thoroughly. Thus both ends of the piece of straw 
were in contact with water, and, so long as the filter-paper remained wet, 
the telial sori were kept damp. To prevent the mount from drying during 
the ensuing night, the moist chamber (all the apparatus shown in figure 2, 
C) was set in a Petri dish, the bottom of which was covered with water. 

To secure basidia which projected sufficiently from the straw, it was 
necessary to keep the telial sori covered with a thin film of moisture. No 
exact data on the optimum moisture requirement were taken. Experience 
alone served as guide. But when a certain thickness of film was present, 
the basidia were somewhat longer and stood well out from the sori, in 
which case it was easy to bring the capillary tube into contact with indi- 
vidual sporidia. If too much moisture was present, the basidia were dis- 
torted and produced abnormal sterigmata and sporidia. 

Manipulation. When the teliospores in the sori began to germinate, the 
moist chamber was removed from the Petri dish and covered with a cover 
glass- The chamber, thus completed, was then mounted under the micro- 
scope on the regular mechanical stage which had previously been moved 
somewhat to the right to prevent the chamber, when being mounted, from 
coming into contact with the end of the capillary tube. The capillary tube 
was then removed from its position and filled about two-thirds full with 
distilled water. This was done by releasing the end of the rubber tubing 
from the spring clamp and then by drawing the thumb and index finger 
of the right hand along the tubing, thereby creating a partial vacuum in 
the tubing, while the capillary end of the tube was held by the left hand 
under water. W^hen the desired amount of water was drawn up, the spring 
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clamp "was replaced and the tube mounted again in its former position, the 
capillary end of the tube appearing at the edge of the microscopic field 
(Pig. 3). 



Pig. 3. View of middle portion of microscope showing moist chamber (cover glass 
removed) and capillary tube in position. The end of the capillary tube has passed 
through the rectangular opening of the moist chamber and has approached the mount of 
telium-bearing straw which is supported by the wooden pin. 

By means of the meelianieal stage, the moist chamber was moved to the 
left until the piece of straw bearing the telia appeared at the side of the 
field of view opposite that occupied by the end of the capillary tube, the 
latter having been adjusted for height so that it passed freely through the 
rectangular opening in the side of the chamber (Fig. 3). Search was then 
made for a somewhat isolated basidinm bearing a sporidium which was 
approaching maturity. "When one was found, it was brought directly 
opposite the end of the capillary tube (Fig, 4, A), but not close up to it, 
so that other sporidia which might be discharged while this one was matur- 
ing would not come into contact with the tube. If by any chance an un- 
wanted sporidinm did come into contact with the tube, the tube was re- 
moved, sterilized in boiling water, refilled with distilled water, and pnt 
back into position again. 

Whenever the drop of water which forms at the base of the sporidinm 
first became visible, the mount and capillary tube were moved towards one 
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PiCr. 4. A. Diagrammatic representation- of a microscopic field showing the end 
of the capillary tube approaching a mature sporidium. The dotted half circle represents 
the hemispherical globule of water that comes into contact with the sporidivun. B. 
Inside of a Petri-dish cover showing the method of mounting telial material of Fuccinia 
gmminis for inoculation purposes. Eedueed. 

another so that the sporidium and the end of the tube were separated by 
a very small distance. A light pressure on the rubber tubing caused the 
water in the tube to bulge out in hemispherical form, just far enotigh to 
establish contact with the sporidium. On release of the pressure, the 
water went back into the tube, carrying with it the sporidium. 

The mount was drawn hack as quickly as possible by a reverse move- 
ment of the mechanical stage to prevent contamination of the tube by other 
sporidia. The tube was removed, and, by a light pressure on the rubber 
tubing, a droplet of water containing the sporidium was deposited on a 
barberry leaf. The plant was then placed in an incubation chamber for 4S 
hours. At the end of that period, it was set on a bench in the greenhouse. 
After each inoculation, the capillary tube was sterilized in boiling water. 

If a bisporidial inoculation was to be made, the process was repeated, 
and the two sporidia were deposited on the leaf in the same drop. 

Generally, the second and third sporidia on a basidium mature first, and 
at about the same time; later, the one towards the tip ; and, finally, tlie one 
situated nearest the teliospore. The latter one not infrequently aborts and 
collapses before it reaches maturity. 

The comparative failure of this method of inoculation seemed to he due 
chiefly to physical causes. The waxy cuticle of a barberry leaf has little 
or no affinity for a droplet of water, so that, when one was placed on a 
leaf, it remained in almost spherical form, as if placed on an oily surface. 
It seems probable that the sporidium was held in the drop of water and 
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either did not germinate or, if it did germinate, its germ tube had little 
opportunity of establishing contact with the leaf. 

(2) Meiliod B 

This method was miieh simpler. Petri dishes containing snfacient 
water to cover the bottoms were used as germination chambers for the 
teliospores of Puccinia gramims and P. Jielianthi 

Inoculations with Puccinia JielianiJvi were made as follows. Pieces of 
rusted sunflower leaves were soaked in water for an hour. Some Petri- 
dish covers were then lined with thin pads of filter-paper. The leaves 
were placed in the Petri-dish covers so that their ripper sides W' ere in con- 
tact with the filter-paper, while their lower sides, rvhich bore the telia, were 
turned upwards and exposed to the air. The moisture caused the filter- 
paper to adhere to the covers, and the leaves, in turn, to the filter-paper; 
so that, when the covers were set on their respective dishes, both the filter- 
paper and the pieces of leaves remained in position. 

If inoculations with Puccinia gramin/is were to be made, the procedure 
was similar, except that the rusted pieces of culms were supported by short 
pieces of twine (Fig. 4, B), the ends of which were made fast to the covers 
by means of sealing wax. 



Fig. 5. Semi-diagrammatic drawing to show a barberry plant being ino&nlated by 
method B (Fig, 4). The small circles at the top represent short pieces of straw bear- 
ing rust sori. The pieces of straw are attached to the inner side of a Petri-disli cover 
■which rests on the end of the hoUoAv cylinder surroundings the plant. 
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Witli lootli PiiGcinid graminis and P. heliantJi% the same method of in- 
oculation was employed. The plant to he inoculated was first covered with 
a fine film of water. Over it was inverted a hollow cylinder (Fig. 5), at 
the upper end of which was held a Petri-dish cover bearing the leaves on 
which the sporidia were developing. The cover was kept continually in 
motion by a circular movement of the hand. The cylinder prevented air 
currents from carrying the sporidia away from the plant, and the move- 
ment of the cover insured an even distribution of the sporidia over the 
leaf surface. After inoculation, the plant was placed in an incubation 
chamber for 48 hours. At the end of that period, it was placed on a bench 
in the greenhouse. 

As a rule, the sporidia settled on a leaf at some distance apart j but, 
sometimes, two of them settled close together. The sporidia were not 
actually seen on the leaves after they had settled, but their location was 
inferred from the position of the infections to which they gave rise 
(Pig. 6). 



Fig. 6. Under aide of a portion of a sunflower leaf showing two neighboring mono- 
Bpoiidial pustules shortly after they appeared. These two simple pustules 
will soon eoalesee to form a componnd pustule. X 2.5. 

The time required for each inoculation varied inversely with the num- 
ber of sporidia which were being produced. An index of this number was 
obtained jnst before the inoculations began. A glass slide was placed in 
each Petri dish directly below the telia and was left there for 10 minutes. 
Thereafter, each slide was examined under the microscope, the number of 
sporidia that had settled on it was noted, and then the time necessary for 
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an inoculation was estimated and marked on the outer surface of the cover 
of the Petri dish. If the sporidia were relatively numerous, the time 
during which it was necessary to- expose the leaves to the falling sporidia 
was short; if relatively scarce, the time was longer. Usually the time 
varied from 2 to 5 minutes. 

EXl^ERIMENTAL RESULTS IN 1926 

During the year 1926, inoculations were made exclusively by Method A. 
By it two monosporidial pustules of Puccinia graminis were obtained on 
barberry leaves. One of these appeared on a young leaf on July 9. It 
developed readily and eventually attained a diameter of 6 millimeters. The 
other one occurred on a comparatively old leaf on August 3. It grew less 
rapidly and scarcely attained half the diameter of the first one. Both 
pustules, however, developed pycnia which exuded nectar containing 
numerous pycnispores. But, although both pustules remained healthy 
for 5 w^eeks, neither of them produced aeeia, A cytological examination of 
each pustule, when 5 weeks old, showed that its mycelium was still in the 
haploid condition. 

Three of the bisporidial inoculations by this method were successful. 
On one of the leaves inoculated on August 5, two neighboring infections 
occurred. These appeared first as tiny, pale yellow pustules, approxi- 
mately 2 mm. apart. About 6 days later, the two pustules coalesced. Five 
days after coalescence, aeeia began to appear: in the compound ‘pustule 
thus formed. On August 17, twu other barberry leaves were successfully 
inoculated. Two pustules, about 2 mm. apart, developed on each leaf and 
coalesced 7 to 8 days later. Aeeia appeared in one of the compound 
pustules so formed within 6 days, but none appeared in the other one 
Avithin that time or thereafter. 

These results, although few in number, were of considerable signifi- 
cance, for they at least indicated that the mycelia of the pustules, and con- 
secpiently the sporidia from which the mycelia originated, were of two 
sexes and that in all probability Puccinia graminis is heterotliallic. They 
also were indicative of the behavior that might be expected of pustules in 
further experimentation. 

EXPERIMENTAL RESULTS IN 1927 

So far in the investigation, Puccinia graminis was employed; but, as 
the teliospores of this rust begin to germinate rather late in the spring^ — ■ 
towards the end of April in Canada — ^it was decided to select another rust, 
one in wdiich teliospore germination occurs earlier, for the preliminary in- 
vestigational work of 1927. P. helianiM was chosen. Its teliospores were 
known to germinate earlier in the spring than those of P, gramims, and an 
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abundance of telial material was easily procurable. Moreoyer, as tlie 
writer wdsliecl to try inoculation Method B, this rust seemed well adapted 
to this purpose. In order to liaye telial material available, a liberal supply 
of rusted sunflower leaves was collected late in the autumn of 1926 and 
stored in the basement of the laboratory. 

Towards the end of February, 1927, the teliosp ores of P%tocinm hdianthi 
began to germinate. Sunflower seedlings were inoculated by sowing 
sporidia sparsely over the leaves, as already described. Infections became 
manifest about 8 days after inoculation as tiny red pustules on the leaves. 
Yery frequently the pustules were isolated, often only one on a leaf, or 
two or three rather widely separated from one another on the same leaf. 
Less frequently, two pustules arose relatively close together, from 1 to 4 
mm. apart, and later coalesced to form a compound pustule. Occasionally 
three or four pustules occurred in a cluster, but these w^ere discarded 
forthwith. 

As soon as the pustules became visible, the position of the pustule, or 
pustules, on each leaf was mapped on a label which was then attached to 
the leaf. In this way it was possible to determine, when the pustules be- 
came older, which pustules were simple in origin (monosporidial) and 
which were compound in origin (bisporidial) . If the' distance between 
two neighboring pustules was greater than 4 mm. each one was considered 
as a simple pustule. Usually two neighboring pustules were sufficiently 
far apart when they first appeared to be readily distinguishable from each 
other (Fig. 11) ; but, occasionally, it was difficult to decide whether or not 
the infection giving rise to a pustule was of monosporidial or of bisporidial 
origin. In these cases, which fortunately w^ere not numerous, the pustules 
were considered as monosporidial in origin. 

In the course of the investigation, many sunflower seedlings were inocu- 
lated and, as a result of these inoculations, a large number of pustules were 
made available for study. On account of the uniformity of technique and 
the similarity of results in all the earlier experiments, it is unnnecessary 
to describe the experiments in consecutive order or to record separately the 
data for each one. It will suffice to give a general descriptive statement 
cDncerning the development of both simple and compound pustules, and a 
summary of the experimental results obtained with each type. 

Evidence of lieteroiKMism in Puccinia helianthi. The simple (mono- 
sporidial) pustules of Piicoinia helianthi developed vigorously. A few of 
them finally attained a diameter of 12 mm., but usually the diameter w^as 
much less, from 6 to 8 mm. Pyenia developed plentifully on the upper 
side of all the pustules and less numerously (Fig. 7), or not at all, on the 
under side. ‘When they vrere present on the under side, they were gen- 
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Fig. 7. Section tlirough a part of a monosporidial pustule of Tuccinm graminis on a 
barberry leaf showing pycnia present on both sides of the pustule. 
Magnifieation, 100. From a photomicrograph by W, F. Hanna. 



Fig. 8. Diagrammatic representation of a vertical section through a barberry leaf to 
show how the globules of nectar produced by the pyenia enlarge and finally fuse 
to form a layer of nectar over the whole surface of the pustule. The 
small dots in the globules represent pycniospores. 
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erally most nnmerons in the peripheral region of the older pustules, many 
of which were beginning to die at the center. Nectar, containing numerous 
pycniospores, was exuded by the pycnia of both sides of the pustules. 
If the pycnia were relatively close to one another, as on the upper side of 
the pustules, the globules of nectar, as they grew larger, came into contact 
and fused, so that eventually the whole surface of the pustule was covered 
with a layer of nectar. The process is illustrated diagrammatieally in 
figure 8. 

The majority of the simple pustules never produced aecia (Fig. 9, A), 
although some of them remained alive for upwards of 5 weeks. Aecia, 
however, appeared in a minority of them. Out of a total of 2,153 simple 
pustules, 1,641 went through the whole course of their development without 
producing aecia. The remainder, 512 in all, at one time or another de- 
veloped aecia. 

No regularity or periodicity marked the appearance of aecia in the 
latter pustules. Aecia might appear in one of them at any time after it was 



Fio. 9. A. Under side of a portion of a sunflower leaf showing a monosporidial 
pustule of Puccinia helianthi which has not produced aecia. A few pyenia (dark specks) 
are seen scattered over the surface of the pustule. Photographed 33 days after inocu- 
lation. X 5. B. Under side of a sunflower leaf showing a compound pustule of P. 
helianthi astride the midrib, with aecia, and a monosporidial pustule without aecia at the 
right-hand edge. Photographed 16 days after inoculation, xl.75. 0. Under side of a 

portion of a sunflower leaf shovung a compound pustule of P. helianthi without aecia. 
Photographed 24 days after inoculation, x 4. . 
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10 or 12 days old up to the time of its death, 3 or 4 weeks later. The sudden^ 
and spontaneous change from the haploid to the diploid condition took place 
without any apparent cause, thereby simulating a parallel phenomenon in 
the Hymenomycetes. 

Each compound pustule came into being as a result of the coalescence 
of two neighboring simple pustules. The time necessary for two such pus- 
tules to accomplish coalescence depended largely on the distance they were 
separated. If the two pustules were about 1 mm. apart, they coalesced 
early, within 2 or 3 days after they appeared; if they were more widely 
separated, they coalesced later, possibly from 8 to 10 days after they ap- 
peared; but, if they were more than 4 mm. apart, they rarely coalesced. 
Prior to coalescence, each of the two pustules developed independently as a 
simple pustule. Following coalescence, one of two things happened. Either 
aeeia appeared in the compound pustules thus formed within from 5 to 6 
days (Fig. 9, B) or they did not appear (Fig. 9, C). Of the 246 com- 
pound pustules of Tiiccinia helianihi that came under observation, 108 
developed aeeia within from 5 to 6 days, while in the 138 others no aeeia 
appeared within that time. However, some of these 138 pustules produced 
aeeia at one time or another afterwards, so that, by the time all of the 246 
pustules had died, those that had developed aeeia had increased from 108 
to 145, leaving 101 that had failed to produce aeeia. 

Evidence of heierothallism in Puccinia graminis. Experiments similar 
to these just described were made with Puccinia graminis^ and similar re- 
sults were obtained. As the barberry plants that were suitable for inocula- 
tion purposes were somewhat limited in number, the pustules available for 
observation were fewer than those of P. helianihi. Both simple and com- 
pound pustules appeared. Each pustule arose as a tiny pale yellow spot on 
the leaf. The difficulty in determining whether certain pustules were of 
monosporidial or of bisporidial origin was again encountered. Possibly, 
owing to the greater resistance offered by the leaf tissue of the barberry to 
the radial advance of the mycelium, the pustules of P. graminis dii not 
grow so rapidly, or become so large, as those of P. heliantJii. Very few of 
them exceeded 5 mm. in diameter. On account of this rather restricted 
growth, coalescence of pustules 4 mm. apart rarely occurred. On the other 
hand, the pustules of P. graminis produced nectar more copiously than did 
the pustules of P. helianihi, and they possessed greater longevity. The 
sunflower leaves aged more quickly than the barberry leaves, and the 
earlier aging of the P. helianihi pustules seemed to be attributable more to 
the decreased vigor of the leaves than to any lack of vitality on the part 
of the organism. 

The data concerning the simple pustules of Puccinia graminis maj ho 
summarized as follows. Ten days after the first appearance of the pustules, 
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tlie n'iiinb6r of simple pustules in wliicli aecia liad developed and. tlie number 
in wliiclL aecia bad not developed were recorded. Out of a total of 174 
simple pustules on wbicb observations were madC;, 11 produced aecia within 
that time, while 163 were without aecia (Pig. 10, A). Prom time to time 
one or another of these pustules developed aecia, so that, when practically 
all the pustules had died, it was found that altogether 37 of the simple 
pustules had produced aecia and 117 had failed to produce aecia. The ap- 
parently spontaneous change from a haploid to a diploid condition of the 
mycelium, as evidenced by the production of aecia in a certain number of 
the pustules of monosporidial origin, thus was observed in P. graminis, just 
as in P. helianiJii, 



]Fi[j. 10. A. Tinder side of a portion of a barberry leaf showing a monosporidial 
pustule of Puccinia graminis without aecia. Photographed 23 days after inoculation. 
X 3. B. Under side of a barberry leaf showing one compound pustule of P. graminis 
with aecia on the left of the midrib and three monosporidial pustules without aecia on 
the right of the midrib. Por the peculiar pocked appearance of the three right-hand 
pustules the text. Photographed 20 days after inoculation. x2. 

In the compound pustules 5 or 6 days after eoaleseeuce had been ef- 
fected, a record was made of those pustules that had produced aecia and 
of those that had not produced aecia. In a few of these pustules, coales- 
cence was not thoroughly accomplished at that time. The number in which 
aecia were present was 24 and the number in which aecia were not present 
was 35. At the termination of the experiments, when most of the pustules 
had died, the proportion was 36 with aecia and 23 without aecia. 

Figure 10, B, shows the under side of a barberry leaf, photographed 20 
days after it was inoculated. On the left-hand side of the midrib appears a 
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compound pustule bearing aecia. On the right-hand side are three simple 
pustules in which no aecia developed. The pocked appearance of these 
three pustules is due to the formation of wefts of haploid hyphae which 
develop in simple pustules just beneath the epidermis and simulate in gen- 
eral contour a young aeeium. 

Mention was made of these structures by Olive (59) in 1911. He be- 
lieved them to be sterile aecia. They w^ere observed by the writer (15) in 
1928. Hanna (29) , in 1929, referred to them as being /^evidently haploid 
rudiments of aecial cups waiting to be stimulated into further develop- 
mental activity.” In the same year, Miss Allen (1) stated that they re- 
semble aecia but ''consist of haploid mycelium only.” As this paper is 
not primarily concerned with the eytological aspect of the problem, no 
further reference will be made to these haploid hyphal wefts. 

The results thus far enumerated indicate that Puccima graminis and 
P. helianthi are heterothallic and that the mycelium of an individual pus- 
tule is either (+) or in its sexual nature, so that, when a (+) pustule 
and a (-) pustule coalesce, a sexual interaction takes place between the 
two mycelia which results in the production of aecia; but that, when two 
pustules of the same sex coalesce, i.e.^ a (+) pustule with another (+) pus- 
tule or a (-) pustule with another (--) pustule, no sexual interaction occurs 
and no aecia are produced. 

Although heterothallisni accounts for the behavior of the majority of 
the simple compound pustules in Pitcoinia graminis and P. helianthi^ it 
gives no explanation of the apparently spontaneous change from the haploid 
to the diploid condition in simple pustules, or in compound pustules which 
have long remained sterile. A partial explanation, at least, of this be- 
havior was brought to light when the function of the pycnia was discovered. 

Before treating of the individual experiments which deal with the func- 
tion of the pycnia, it might be pointed out that in each experiment the 
treated pustules and those kept as a control were of the same age and of 
comparable vigor. All of the pustules were of monosporidial origin: they 
bore numerous pycnia, but aecia were entirely absent from them. At the 
beginning of each experiment, the minimum age of the Puccinia graminis 
pustules was 16 days and of the P. helianthi pustules, 14 days. Wherever 
the experimental technique demanded it, the instruments used were thor- 
oughly sterilized in an alcohol flame. 

The effect of mixing nectar. In one experiment Puccinia helianthi^ 
the nectar of 184 simple pustules was intermixed by means of a small 
scalpel, so that the nectar of each pustule was distributed over the surface 
of several other pustules. This procedure may have caused a slight irrita- 
tion of the upper surfaces of these pustules ; and, therefore, to procure com- 
parable conditions in 174 other similar pustules, which served as a control, 
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tile nectar of each of these pustules was stirred separately with the scalpel 
but not mixed with any other nectar. 

Fixe days after the beginning of the experiment, the eoiidition of the 
pustules was as follows: of the 184 pustules in which the nectar had been 
mixed, 176 had produced aeeia, 4 no aecia, and 4 had wilted and died 
through leaf injury ; of the 174 pustules in which the nectar had been 
stirred but not mixed, only 20 had produced aecia, while 154 were entirely 
free from aecia {cf. Pig. 11). 



Hig. 11. Under side of a sunflower leaf showing monosporidial pustules of JPuGcinia 
JieliantM on either side of the midrib. Twenty days after inoculation, all the pustules 
were free from aecia. At that time, the nectar of the pustules on the right of the 
midrib was well mixed; while, as a control, the nectar of the pustules on the left of the 
midrib was stirred separately but not mixed. The right-hand pustules have all de- 
veloped aecia, but the left-hand pustules show no aeeia whatsoever. Photographed 6 
days after the mixing was done, x 1.5. 

An experiment similar to that just described was made with Puccinia 
graminis. The nectar on the upper surface of 116 simple pustules was 
intermixed j while, as a control, the nectar of 85 other similar pustules was 
stirred separately but not mixed with any other nectar. 

Six days after the experiment had begun, the condition of the pustules 
was as follows: of the 116 pustules in which the nectar was mixed, 102 had 
produced aecia and 14 no aecia,- whereas, of the 85 pustules in which the 
nectar was stirred hut not mixed, 17 had produced aecia, while 68 were 
free from aecia (cf. Pig. 12, A). 
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Fig. 12. A. Under side of a barberry leaf showing monosporidial pustules of 
Puccinia ffi'amims on either side of the midrib. Thirteen days after inoculation, one 
pustule, on the right of the midrib, produced aeeia. All of the others were free from 
aeeia 17 days after inoculation. At that time, the nectar of the pustules on the right 
of the midrib was well mixed; while, as a control, the nectar of the pustules on the left 
was stirred separately but not mixed. All the pustules on the right-hand side of the 
leaf have developed aeeia, but the left-hand pustules show no aeeia whatsoever. Photo- 
graphed 9 days after the mixing was done. x2. B. Under side of a barberry showing 
4 monosporidial pustules of P. grramnis. Sixteen days after inoculation, the pustules 
were free from aeeia. At that time nectar heated for 3 hours at 70° C, was applied to 
the upper surface of the 2 pustules on the left of the midrib, while unheated nectar was 
applied to the upper surface of the 2 pustules on the right of the midrib. The right- 
hand pustules alone have developed aeeia. Photographed 8 days after the nectar was 
applied, xl.5. 

The role played ly flies. Proof that flies mix the nectar of separate 
monosporidial pustules and so cause the mycelia of the pustules to change 
from the haploid to the diploid phase, as shown by the appearance of aeeia, 
was obtained in an experiment with Puccinia helianthi. 

Fifteen to 20 flies were enclosed in a large screen-wire cage with 12 pots 
of sunflower seedlings on the foliage leaves of which there were 98 simple 
pustules bearing pycnia. but no aeeia. As a control, 159 similar pustules 
on the foliage leaves of sunflower seedlings were protected by a screen-wire 
cage from the visits of flies. 

Bight days after the beginning of the experiment, 96 of the 98 pustules 
to which flies had access had produced aeeia and only 2 no aeeia ; whereas 
only 5 of the 159 pustules to which flies had not had access had produced 
aeeia. 
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It seems Yery probable that many other insects are active agents in 
bringing about the transfer of nectar from one pustule to another. Eathay 
(63) states that he observed 135 different species of insects, belonging to 
the Coleoptera, Hymenoptera, Hemiptera, and Diptera, visiting pustules of 
two Gymnosporangium species and also pustules of the common cereal rusts. 
Shear (68), Grove (25), Meineke (48), and Spaulding (70) also have 
pointed out that insects are attracted by the nectar. 

That insects visit rust pustules is not surprising. It is known that the 
pycnial nectar of many rusts is sweetish to the taste and that in some rusts 
the pycnia have a distinct odor. Eathay (63), by chemical tests, showed 
that the nectar of Gymnosporanghim sabinae (Dicks.) Wint. contained 
dextrose and levulose. The odor of the pycnia of certain rusts has been 
mentioned by Persoon (60), Tulasne (80), Leveille (39), and Eathay (63). 
Plowright (61) pointed out that these odors w^ere possibly to attract insects, 
mimicking as they do the perfume of flowers. No odor has been detected 
by the writer in Piwcinia graminis and P. helianihi, but he has found that 
the nectar of the former is distinctly sweetish to the taste. 

Ejfect of heating the nectar. By another experiment it was found 
that heating the nectar of Piiccinm graminis or of P. helianfhi to a tem- 
perature of 70° C. for 3 hours to kill the pycniospores rendered the nectar 
ineffective in inducing the production of aecia when it was applied to the 
pycnia of individual simple pustules. 

Nectar was collected from approximately 50 pustules of Puccmia 
graminis by means of short capillary tubes. One tube was used for each 
pustule. The nectar was then deposited in a single drop, mixed thoroughly, 
and sucked up into 2 fine glass tubes, each tube takings up approximately 
the same amount of nectar. One end of each tube was stopped with seal- 
ing wax and the other by a plug of cotton ■wool. One of the tubes was 
placed in an oven and kept for 3 hours at 70“ C.; the other was kept at 
room temperature for the same length of time. The heated nectar was 
then allowed to cool to room temperature, and a small quantity of it was 
then deposited on each of 25 simple pustules. The droplet on each pustule 
was mixed thoroughly with the nectar of the pustule to which it was ap- 
plied. The nonheated nectar was similarly distributed among 20 other sim- 
ilar pustules of P. graminis. 

Six days later, the condition of the pustules was as follows: of the 25 
pustules to which the heated nectar was applied, only 1 developed aecia, 
while 24 were entirely free from aecia; of the 20 pustules to which non- 
heated nectar was applied, 17 developed aecia, whereas only 3 were free 
from aecia. 

Figure 12, B, illustrates the results. The pustules on the left of the 
midrib, to which heated nectar was applied, have produced no aecia; those 
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to tlie riglit of tlie midrib, to which nonheated nectar was applied, have 
produced aecia. 

A similar experiment was made with Ptcccinia helianihi. Heated 
nectar Avas added to 27 simple pustules and nonheated nectar to 25 other 
similar pustules. At the end of 5 days, aecia were completely absent in 
23 of the 27 pustules to which the heated nectar was added, 4 only having 
formed aecia ; while of the 25 pustules to which the nonheated nectar was 
added, all produced aecia. 

These two experiments indicate that the pyeniospores are the effective 
agents in inducing the formation of aecia, and not the nectar. The 
evidence, however, is not absolute. It is recognized that if the agent 
were an enzyme in the nectar the heating might destroy its activating 
property. 

Sex of pyeniospores. Another experiment was designed to show whether 
or not the pyeniospores of Puccinia graminis are of two kinds, [+) and (-). 
The nectar of one moitosporidial pustule of P. graminis was drawn off by 
means of a capillary tube and divided into several drops and then the drops 
were applied singly to the pyenia of as many pustules as there were drops. 
The nectar of other simple pustules was divided in like manner and dis- 
tributed among other pustules. Altogether, 74 individual pustules were 
thus treated. Six days later, 30 of the 74 pustules had developed aecia, 
while 44 were free from aecia. As a control, 26 similar pustules were left 
untreated. Aecia appeared in only one of these. 

Figure 13, A, 22 is illustrative of the results. Nectar from one 
pustule Avas applied to each one of the four pustules. Aecia arose in two 
of them but not in the other two. Usually, however, among pustules on the 
same leaf, the ratio of those with aecia to those without aecia was less evenly 
balanced. 

The experiment just described was repeated Avith Puccinia helianihi. 
Five days after the drops of nectar were applied, 15 of the 48 pustules 
treated had developed aecia, whereas 33 of them were without aecia. In 
a control of 66 similar pustules, only 5 produced aecia Avithin that time. 

Theoretically, if each basidium bears two (+) sporidia and two (~) 
sporidia, the number of pustules Avith aecia and the number without aecia 
should be equal in each experiment. The ratio obtained with the pustules 
of Puccinia graminis is possibly as near the theoretical ratio as could be 
expected Avith such a small number of pustules. With the pustules of 
P. helianihi^ there is a much greater divergence, yet not so great as appears 
in the control. The rather indifferent ratio given by the pustules of 
P. helianihi is very probably attributable, in some Avay or other, to the 
meager quantity of nectar that Avas being produced by pustules at the time 
the experiment aaus performed. 
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Fig. 13, A. Under side of a "barberry leaf showing 4 nionosporidial pustules of 
Puccinia grammis. The nectar from a monosporidial pustule on another leaf W’-as 
divided into 4 small drops and added to the 4 pustules, 1 drop to a pustule, when they 
were 17 days old. Within 5 days aeeia arose in 2 of them but not in the other 2. 
The photograph was taken 10 days after the nectar was added, x 2. B. Under side of a 
leaf of Amelanchier alnifolia showing a pustule of a Gy mno sporangium sp. (coniicu- 
lans?) which was 6 'weeks old at the time the photograph was taken. The pustule failed 
to develop aeeia. x 2.5, 

Aeeia in monosporidial pustules. It will be observed that in all the 
experiments so far dismissed aeeia developed apparently in a spontaneous 
manner in at least some of the monosporidial pustules. When the effect of 
mixing the nectar of pustules of opposite sex was discovered, it was thought 
that possibly mixing of nectar had taken place by some unknown means and 
that, under carefully controlled conditions, few or none of the pustules 
would develop aeeia. It is to be noted that in the earlier experiments : (1) 
the pustules were examined freq^uently, and there was the possibility that, 
in the repeated handling of the leaves bearing pustules, nectar was trans- 
ferred from one pustule to another; and that (2) no protection was afforded 
the pustules from the visits of flies or other insects that might by chance 
have been in the greenlionse. 

A more critical experiment than any of those already recorded was 
devised with a view to preventing the accidental intermixing of nectar. 

Sunflower seedlings were inoculated in the greenhouse hy allowing 
sporidia of Puccinia helianihi to fall sparsely onto the upper surface of the 
first two foliage leaves w’-hen they were about one inch in length. Usually, 
about six seedlings grew in a pot; but, whenever the minute pustules ap- 
peared, each plant showing infection was planted by itself in a separate pot 
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and covered with, a screen -wire cage. By keeping each plant in an individ- 
ual cage, the opportunity for the transfer of nectar from one pustule to 
another Avas reduced to a minimum. All uninfected leaves were removed, 
and no new ones were allowed to develop. 

Only pustules that were entirely free from aecia at 17 days of age were 
selected for observation. Of these there were 228, distributed as follows: 
93 pustules were borne singly on as many plants; the remaining 135 were 
borne on 59 other plants all of which bore at least 2 pustules, usually 1 on 
each leaf, but a small number of the plants bore 3 pustules, and a very few, 
4 pustules. 

Not all of the pustules persisted for the same length of time. Some of 
them died when about 4 weeks old and most of them before they were 6 
w^eeks old, but a few were still living and exuding nectar in their peripheral 
region when 7 weeks old — when the final data were recorded. Within the 
7 Aveeks, aecia developed in 11 of the 228 pustules. Of the 93 pustules, each 
of AAhieh Avas borne on a separate plant, only 2 produced aecia. Of the 135 
pustules, of which 2 or more were borne on individual plants, 9 produced 
aecia. Altogether 217, or 95 per cent, remained free from aecia during the 
whole course of the experiment. 

From the time the pustules first appeared, daily inspections were made 
of the plants in order to destroy any insects that might have gained access 
to them. White flies {Aleyrodes) and thrips {RQlioihn^s) Avere the only 
ones discovered, and then only infrequently. The former were rarely found 
in contact with the pustules, but the latter seemed to be attracted by the 
nectar and fed upon it in preference to the leaf tissue. Consequently, in 
spite of the precautions taken, there was the possibility that thrips carried 
the nectar of one pustule to the pyenia of another, especially on leaves that 
bore tAVO or more pustules. This assumption is suppoxded by the fact that 
nine of the pustules that produced aecia occurred on leaves bearing two or 
more pustules, and only two on plants bearing but a single pustule. 

If, in the experiment just described, there had been an absolute exclusion 
of inseet>s and a complete absence of any means by Avhich the transfer of 
nectar could have taken place, it is possible that no aecia whatever would 
have developed in any of the pustules. At present, it is impossible to say 
that aecia never develop spontaneously in simple pustules of Fucdnia heli- 
antJii; but it has been clearly shown that, under the conditions of the ex- 
peiument, the percentage of pustules that actually produced aecia was ex- 
tremely?' small, not more than 5 per cent. The experiment was not repeated 
Avith pustnles of P. graminiSf but later observations shoAA^ed that, where 
monosporidial pustules of this rust were protected from the Ausits of in- 
sects, A^ery few of them developed aecia. 
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OccuTTeTicc uTider TidtiiTCil couddtioTis of pycnid undccompdfi'icd hy ccecici. 
>So far as the writer is aware, it is not recorded that pustules of mono- 
sporidial origin occur in nature, although undoubtedly such pustules have 
been seen by other observers and mistaken by them for young pustules in 
which aeeia had not yet developed. Observations made during the summer 
of 1927 and 1928 have revealed that, in nature, pyenia are frequently un- 
accompanied by aeeia in the following rusts: Pucoinia graminis on Berleris 
vulgdris var. purpureo,; P. coTondid on cdihdTiicd L. ; P. Pfings- 

heimiana on Riles g7''ossicldrid L. (cultivated and wild) ; and a Gym/nospo- 
Q'dngiuyn sp. (possibly cormculans Kern.) on Amelanchier alnifolia- Nuttall 
(Pig. 13, B). 

Leaves bf these hosts bearing young and apparently monosporidial pus- 
tules were marked by means of a small tag as soon as the pustules were 
noticed. When the pustules were about 14 or 15 days old, those showing 
no signs of aeeia were selected for further observation. It was thought that 
pustules of this age could not include any compound pustules of two niycelia 
of opposite sex, for compound pustules of this type would have produced 
aeeia when several days younger. 

At intervals during the next 3 or 4 weeks, the tagged pustules were 
examined. Within that time, some of the pustules produced aeeia, but 
others did not. A few of the pustules persisted for a week or more longer, 
but none of these bore aeeia. The results for 1927 are summarized in 
table 1. 


TABLE 1. — Siimmary of otservations made in 1927 on the occurrence in nature of aeeia 

in monosporidial pustules 


Name of rust 

Period of 
observation 
(in weeks) 

Total num- 
ber of pus- 
tules 

Pustles at end of period 

Number 
with aeeia 

Number 

without 

aeeia 

Fuccinia graminis 


50 

37 

13 

P. coronata 


61 

45 

15 

P. Pringsheimiana 

3 

60 

16 

44 

Gymnosporangium sp 

3 

60 

52 

8 


It should be noted that none of these pustules were protected in any 
way from the ^usits of insects, and there is little doubt that insects did 
actually transfer nectar from one pustule to another, as insects of various 
kinds were seen fl^dng about, or crawling over, the leaves of the host plants, 
and some of tliein were even observed in contact with the pustules. How- 
ever, it also should be mentioned that, on account of the excessive precipi- 
tation, the pustules were frequently washed, and only very seldom was 
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there aiij noticeable amonnt of nector available for transfer. Perhaps the 
reduction in the amount of available neetar accounts for the failure of 
so many of the pustules to produce aecia, despite the activity of the insects. 

During the summer of 1928, young pustules, , apparently monosporous 
in origin, v^ere again marked, but, instead of leaving them exposed, as 
was done in the previous year, most of the leaves bearing them w^ere cov- 
ered with one layer of white cheesecloth in order to prevent insects from 
visiting the pustules. This protection excluded most of the winged insects 
but was less effective against ants and small spiders. 

Not all the pustules marked were found as soon as they appeared. At 
the time the coverings were applied, some pustules were at least 1 week 
old; most of them, however, w^ere just appearing or w^ere not more than 2 
or 3 days old. Unfortunately, the pustules available for study were much 
less numerous this year than in the previous year. There were 20 pustules 
of Puccinia grmiinis on Berl)eris vulgaris var. purpurea^ 2 pustules of P, 
coronaia on Ehamnus cathariica, and 51 pustules of P. Pringsheimiana on 
Bibes grossularia. No pustules of the Gymnosporangium sp. occurred on 
Am e lanchier al'}%ifoUa. 

About one-third of the pustules on Ribes were left unprotected to serve 
as a check for the protected ones and for comparison with the data col- 
lected in 1927. The results for 1928 are summarized in table 2. 


TABLE 2.~~’SummaTy of otservaiions made in 19^8 on the occurrence in nature of aeoia 

in monosporidial pustules 


Name of rust 

Covered 
or uncov- 
vered 

Period of 
observation 
(in weeks) 

Total num- 
ber of pus- 
tules 

Pustules at end of period 

Number 

with 

aecia 

Number 

without 

aeeia 

Puccinia graminis 

Covered 

3 

20 

4 

16 

P. coronata 

Covered 

3 

2 

o ■ ■ 

2 

P. Pringsheimiana ... 

Covered 

3 

33 

6 . ' 

27 

P. Frmgs}ieimi(ma ... 

XJiicovered 

3 

18 

6 

12 


It will he seen from tables 1 and 2 that: (1) a much smaller percentage 
of the covered pustules iu 1928 produced aecia than the uncovered ones in 
1927; and (2) that, in 1928, less than 20 per cent of the covered pustules 
of Piiecima Pringsheimiana developed aecia, as compared with 50 per cent 
of those that were not covered. Apparently, by preventing the free access 
of insects to the pustnles, the opportunity for transferring the nectar of 
one pustule to another was reduced, and consequently the number of 
simple pustules which remained free from aecia was augmented. It is not 
probable that the cheesecloth covering intercepted sufficient sunlight to 
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inMbit, or retard materially, the formation of aecia. This supposition is 
supported by the fact that aecia formed in a small number of the covered 
pustules. The development of aecia in these pustules was very probably 
induced through the transfer of nectar to them by insects before the cov- 
erings were applied. 

From the fact that, under natural conditions, monosporidial pustules 
ol Puocinia coronaia, of P. Pringsheimiana, and of the Gymnospormgium 
sp. behave like monosporidial pustules of P. granvinisy and, from the fact 
that P. granimis has been shown experimentally to be heterothallic, it may 
be inferred thatP. coronata, P. Pringsheimianay and the Gymnosi^orangnmi 
sp. also are heterothallic. 

Aecia limited to one part of a pustule. While the data recorded above 
were being collected in the held, it was noticed that occasionally aecia were 
present in only one part of a pustule and not all over it. This phenomenon 
.was observed in pustules of Puccinia coronatay P. Pringsheimianay and P. 
graminis (Fig. 14, A). A plausible explanation of this behavior is that 
nectar from a pustule of opposite sex had been deposited on the upper sur- 
face of the pustule but only on the area under which the aecia had de- 
veloped. 



Pig. 14. A. TJnder side of a barberry leaf showing aecia present on the left-hand 
side, but not the right-hand side of a pustule of Puccinia graminiSy which arose from 
an infection by natural inoculation. x2. B. Under side of a barberry leaf showing a 
monosporidial pustule of Puccinia gvanwnis to which^ when 20 days old, a small (quantity 
of composite neetar was applied to the upper surface of that part in which aecia are 
now seen, but the other part was left undisturbed. Photographed 7 days after the 
nectar was applied. X2.5. 
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An attempt was made to reproduce experimentally similar results in 
moiiosporidal pustules of Pitccmnof. graminis. Nectar was eollected from 
about a dozen pustules and deposited on a glass slide in one drop. As (+) 
and (-) pustules were known to occur in about equal numbers, it was 
anticipated that in the drop both (+) and (-) pyeniosp ores would be 
present. The drop was then stirred to distribute the two kinds of pyenio- 
spores evenly through it, and a small portion of this composite nectar was 
spread over one-half of the upper surface of a pustule that was 25 days 
old. Several other pustules of the same age were similarly treated. Before 
this nectar was added to a pustule, however, as much as possible of its own 
nectar was drawn off by means of a capillary tube in order that the nectar 
which was being added might be more definitely restricted to the area 
intended for it. Within 5 days, aecia developed in each pustule on the 
under side of the treated parts but not of the untreated parts (Fig. 14, B). 

The experiment was repeated with monosporidial pustules of Puccinia 
helianthif and similar results were obtained. 

In most of the pustules, particularly in those of Puccinia ]ielianth% the 
aecia remained localized in the manner just described, but, in two or three 
pustules of P. grammis, there appeared to be a tendency for the develop- 
ment of aecia to extend subsequently from the treated half of the pustule, 
first to the adjacent untreated part, and finally to the remainder of the 
pustule. 

The extension of aecial development just referred to may be explained 
by assuming that, in the course of a few days after the composite nectar 
was applied to the pustules, the pycniospores on the treated parts were 
carried slowly across the untreated parts by a flowing movement of the 
nectar; for the upper surfaces of the pustules were usually convex or 
concave, rarely flat ; and day by day, as the pustules secreted more nectar, 
a state of flux was set up, and thus the composite nectar was brought into 
contact with the pycnia of the untreated parts. In support of this assump- 
tion, it may be mentioned that in pustules of Puccinia heliantki the amount 
of nectar exuded is much less than in pustules of P. graminis and that in 
P. helianthi aecial development was confined to the parts that received the 
composite nectar. Another possible explanation is that the mycelium of 
the treated part may have advanced gradually into the untreated part and 
there, in some way or other, have caused the development of aecia. 

Prom the above it will be seen that the phenomenon of the occurrence 
of aecia in one part of a monosporidial pustule, as observed under natural 
conditions for Puccinia coronaia, P. Pringskeimiana, P, graminis, has 
been successfully reproduced in the laboratory in experiments made upon 
P, graminis Sind P. kelianiki. 
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Origin of a new physiologic form. During the investigation, the aecio- 
spores from some of the aecia that had been caused to develop by the 
application of nectar to the pycnia of pustules were handed over to Mar- 
garet Newton and Thorvaldur Johnson, of the Dominion Rust Research 
Laboratory, to inoculate wheat seedlings in order that the physiologic forms 
represented in these aecia could be identified. It was thought that, possibly 
in the telial material that produced the sporidia which led to the develop- 
ment of the pustules, two forms of rust might have been present and that, 
in some of the experiments, hybridization of two forms might have taken 
place. The form (or forms) present in the parental teliospores was not 
kno^vn; but it was argued that, if a physiologic form hitherto unknowm 
could be identified by sowing the aeeiospores on wheat and making cultural 
studies on the differential wdieat varieties, its identification would be partial 
evidence at least that hybridization had occurred. On the other hand, 
there was the possibility that, if a new form was found, it might have been 
present in nature previously without having been discovered. However, 
as the survey for physiologic forms had been quite thorough in the vicinity 
of the Agricultural College, Winnipeg, where the telial material was col- 
lected, it was not very probable that an existing form had escaped detec- 
tion. The likelihood was that, if a new form was isolated, it wuuld be the 
product of a cross, or the result of segregation in a physiological form, a 
circumstance which, of itself, would be evidence of the hybrid nature of 
physiologic forms. 

From one of the aecial cultures, a ne-w and distinct physiologic form 
of stem rust was isolated. This form has been designated as No. 57, by 
Stakman and Levine. 

RECENT WORK OF OTHERS ON HYBRIDIZING PHYSIOLOGIC FORMS 

Since the investigation here described was carried out, confirmatory 
evidence that physiologic forms of Puccinia graminis do hybridize on the 
barberry has been obtained by several investigators. The crossing of 
physiologic forms w^as effected by the various investigators by transferring 
pycnial nectar in the manner described by the writer in 1927 and in an 
earlier part of this paper, Waterhouse (88), in 1929, reported that he had 
obtained two forms of rust in Australia from crosses made on the barberry. 
Aewton, Johnson, and Brown (57), in 1929, working at Winnipeg, found 
that, when certain physiologic forms are self ed on the hai^berry, segregation 
takes place with the production not only of some old forms but also some 
new ones. The identification of these old and new forms indicated that 
the original forms must have been heterozygous for pathogenicity and 
therefore hybrid in their nature. They found one form that was homozy- 
gous. Furthermore, by making reciprocal crosses between forms, they 
obtained other forms which were apparently the products of direct crosses. 
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Stakman, Levine, and Cotter (74), in 1929, ivorkiiig at the University of 
Minnesota, reported snceessfnl crosses between P, graminis iri-tici form 36 
and P. graminis agrosiidis, from which they obtained forms that were differ- 
ent, in respect to pathog;enicity, from both forms. 

DISCUSSION 

Experimental evidence from (1) observations on simple {monospo- 
ridial) and compound (bisporidial) pustules and from (2) observations on 
the effect of transferring pycnial nectar has been presented which shows 
that simple (monosporidial) pustules of PuccAnia graminis and P. helianthi 
are of two kinds, (-I-) and (-), and that these two kinds are about equal 
in numbers. As a deduction, it follows that the mycelia of the pustules, 
and, therefore, the sporidia from which they originate, are of two different 
kinds, (+) and (-), and that these two kinds are about equal in numbers. 
This suggests that segregation of the (+) and (-) factors takes place in 
the basidium during the nuclear division in the same manner as it was 
found to take place in Cojrrinus Rostruiaianus by Miss D. E. Newton (55) 
and in C. radians by Vaiidendries (84). 

A eytological study of the mycelia of Piiecmia graminis and P. lieliantJii 
has not been made; but, from the results obtained by sowing two sporidia 
of the same species close together on a leaf of the appropriate host, a 
theoretical explanation of wdiat takes place may, for the present, be offered. 
It is as follows: When a (-f) sporidium and a (-) sporidium are sown 
close together on a leaf so that the pustules arising from the two infections 
coalesce, the two monosporous mycelia come into contact, fuse together, 
and give rise to binucleate aeciospores, each conjugate pair of nuclei formed 
in the spore bed consisting of a (-j-) and of (-) nucleus derived from a (-f) 
and a (-) mycelium, respectively. On the other hand, wdien two sporidia 
of the same sex, either two (+) or two (-) sporidia, are sown close togetlier 
on a leaf so that the two pustules arising from the two infections coalesce, 
the two monosporous mycelia come into contact but do not interact sexually 
and consequently do not give rise to aeciospores. 

The investigation has not finally disposed of the age-long question 
regarding the real nature of the pycniospores, jet it has produced some 
tangible evidence from which certain inferences may be drawn. In the 
first place, it has shown that pycnia develop in every pustule of monospo- 
ridial origin and that they all x>roduce pycniospores; secondly, that (-f) 
pycnia produce (n-) pycniospores, and (-) pycnia, (-) pycniospores ; 
thirdly, that the application of pycniosp ore-containing nectar taken from 
a (4-) pustule to the pycnia of a (— ) pustule, or rice versa^ leads to the 
production of aecia in the pustule to which the nectar is applied; and, 
lastly, that, when the pycniospores in t|ie nectar are killed by heat, the 
nectar loses this activating jiroperty. \ 
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Since pycniospores are produced by tbe pycnia of every monosporidial 
pustule, it is clear that, if the pycniospores are male gametes (spermatia), 
Piiecinia graminis and P. helianihi are not dioecious. In other words, the 
monosporidial mycelia are not of two kinds: (a) male, bearing spermatia, 
and (b) female, not bearing spermatia. 

Assuming that the pycnia are male conceptaeles and that the pycnio- 
spores are gametes, it is logical to expect that female counterparts would 
also be present. Such counterparts, horrever, have not been discovered.^ 
Their absence might be explained by their complete degeneration ; but, in 
the evolutionary development of other fungi, in those forms where degen- 
eration of the sexual organs occurs, it is the male elements that first 
undergo degeneration. If in the pycnium-producing rust fungi the female 
structures have entirely disappeared, these fungi occupy a wholly anomal- 
ous position among the fungi. Particularly is this true if the pycniospores 
perform some definite function. The evidence advanced in this paper 
indicates quite clearly that they do. Complete degeneration has then over- 
taken the female elements, while the male elements have retained their 
pristine vigor. 

That the pycniospores are not male gametes seems most probable. The 
writer is inclined to regard the pycniospores as conidia corresponding to 
the uninucleate oidia of such heterothallic Plymenomyeetes as Coprinns 
lagopuSy C. niveuSj Steropha^Ha semigloiata, and Gollylm vehtHpes, In 
these species, oidia are produced by both (-1-) and (~) monosporotis mycelia, 
and cell fusions between (+) and (-) mycelia initiate the diploid phase. 

The pycnia may then be regarded, not as spermogonia producing non- 
functional spermatia, but as active organs which develop either (+) or (-) 
pycniospores and attract flies and other insects by means of which the 
pycniospores of one sex are carried to the pycnia of another sex. They 
occur chiefly on the upper side of leaves where they are readily accessible 
to insects, and they are usually red or yellow, by wdiich means they are made 
conspicuous. Odors are emitted by the pycnia of some rusts and in many 
species the nectar is sweetish. These properties, no doubt, are advantageous 

2 XMs statement is no longer correet, and tlie opinion here expressed coneerning the 
nature of the pycniospores is no longer tenable. Andrus (2) has found hyphae in 
Uromyces appendiciUatus (Pars.) Pries and 17. vignae Barclay that, in Ms opinion, are 
functionally the equivalent of triehogynes. The pycniospores function as spermatia. 
Eecent unpublished results of research carried on by Ruth P. Allen, of the Bureau of 
Plant Industry, U. S. Department of Agriculture, show that in the gainetophytie (hap- 
loid) generation of Puocinia coronata Corda, P. graminis Pers., and P. triiicvna Eriks, 
certain hyphae grow either to the ventral or to the dorsal surface of the host leaf hy 
pushing into stomata or between epidermal cells, or even by growing through an 
epidermal cell. Any hypha reaching the surface may serve to receive spermatia and 
initiate the sporophytie (diploid) generation. 
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to the species that possess them in that they attract flies and other insects 
and thus insure that the function of the pycnia is fulfilled. 

It has long been remarked that, in those rust fungi which possess them, 
the p 3 ^cnia are the first spore-producing organs to appear. Since they play 
such an important part in changing the haplophase into the diplophase 
and in inducing the formation of aecia, their appearance on the mycelium 
in advance of the aecia can be readily understood: pycnia precede aecia 
because by their action aecia are formed. 

Under natural conditions, there are at least two w^ays in which pustules 
of monosporiclial origin may change from the haploid to the diploid con- 
dition: (1) by a (+) sporidium and a (~) sporidium settling on a leaf close 
together so that they form pustules which coalesce in such a way that the 
(+) mycelium and the (-) mycelium come into contact directly; and (2) 
by means of flies and other insects which carry the pycniospore-containing 
nectar of a (+) pustule to the pycnia of a (-) pustule or, conversely, carry 
the pycniospore-containing nectar of (-) pustule to the pycnia of a (+) 
pustule. 

Whether or not a spontaneous change from the haploid to the diploid 
condition occurs in the mycelia must be further investigated. A phe- 
nomenon of this kind occurs in certain Hymenomycetes, but, in Fuccinia 
graminis and P. helianthi, the apparently spontaneous change may be 
tentatively attributed to the fortuitous intermixing of nectar. 

The crossing of two physiologic forms of Fuccinia grm%inis,F . Jidianihi, 
or of any other heterothallic rust species which behaves like P. graminis 
and P. heManihij may then take place in two ways *. [1) by the union, 
within the tissue of one and the same host plant, of the (+) mycelium of 
a pustule belonging to one form with the (-) mycelium of a pustule be- 
longing to a different form, or vice versa; and (2) by the application of 
the pycniospore-containing nectar of a (+) pustule of one physiologic form 
to the pycnia of a (-) pustule of another physiologic form, or by the ap- 
plication of the pycniospore-containing nectar of a (-) pustule of one 
physiologic form to the pycnia of a (+) pustule of another physiologic 
form. The second method is much more simple than the first, and it was 
used by all those investigators who have recently succeeded in crossing 
physiologic forms of rust. 

SUMMARY 

(1) A study was made of the sexual behavior of two rusts, Fuccinia 
graminis and F. helianthi. 

(2) An apparatus is described by which single sporidia can be picked 
off their sterigmata. 

(3) Two methods of inoculation are described which make it possible 
to obtain monosporidial and bisporidial pustules. 



1036 


Phytopathology 


[Voii. 21 


(4) Pycnia developed on the upper side of each and every pustule o£ 
P. grammis and P. helianihi, and to a lesser extent on the lower side, being 
most abundant there in the peripheral regions of the older pustules. 

(5) The pycnia of each and every pustule of P. grammis and P. 
helianthi exuded nectar containing numerous pycniospores. 

(6) Both P. grammis and P. helianihi are heterothallic. Some evidence 
was secured which indicates that P. coronata, P. Pringsheinnama^ a 
Gymnosporangmm sg. (cornictdmisl) are also heterothallic. 

(7) A large majority of the inonosporidial pustules of P. graniinis and 
P, helianthi failed to produce aecia. 

(8) A small minority of the inonosporidial pustules of P. graminis and 
of P. /leKa'nt/u produced aecia at some time during the course of their 
development, possibly owing to a fortuitous mixing of their nectar by 
handling or through the agency of insects. 

(9) Approximately half of the compound (bisporidial) pustules of 
P. graminis and of P. helianihi produced aecia, while the remainder pro- 
duced none. 

(10) The nionosporidial pustules of P. gfriminis and of P. Jielkinihi 
are of two sexes, (+) and (-). The (+) pustules are about equal in number 
to the (-) pustules. This fact indicates that, in all probability, the sporidia 
which are produced by the basidia and to which the pustules owe their 
origin are divisible into two groups, (+) and (-), which are about equal 
in number. 

(11) Intermixing the nectar of inonosporidial pnstnles of P. gramims 
or of P. helianihi induces the formation of aecia in the pustules so treated 
within from 5 to 6 days- 

A(12) Plies are active agents in carrying the nectar of one pustule to 
another and in thus affecting the transfer of pycniospores from ( r) pus- 
tules to (-) pustules and of (-) pustules to (+) pustules. 

- (13) Nectar heated to 70° C. for 3 hours to kill the pycniospores does 
not induce the formation of aecia in the pustules to which it is applied. 

(14) Some monosporidial pustules of P. coronata^ P, Pringsheimmina, 
and a Gymnosporangium sp., found in nature, failed to produce aecia. 
thereby indicating that these species are heterothallic. 

(15) Nectar of a (+) pustule applied to the pycnia in one part of a 
(“) pustule induces the production of aecia in that part to whieli it is 
applied, and rarely beyond that part. 

. (16) The origin of a new physiologic form of P. grammis is reported. 

(17) Two methods are described by which a cross may be made between 
two physiological forms of a heterothallic rust which produces pycnia 
and aecia. 
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INVESTIGATIONS ON THE BLACK HOOT OP STEAWBEERIES'^ 

F 0 R, R E S T C . s T R O IST G AND M I E I A C . S T R O N G 
INTRODUCTION 

Aiiiang tlie cultivated crops the strawberry has long been considered 
one in which the disease hazard for the grower is small. Mildew, leaf spot, 
and a few fruit rots have at one time and another attracted the attention 
of growers. For the most part these diseases are of minor importance, and 
no control measures are practiced. 

There is, however, a situation in strawberry culture which is a subject 
of concern to the growers. This consists in the failure of plants newly 
set out to become established and, often during the picking season, the 
dying of plants already established. In severe cases this latter condition 
may be so extensive as to render the plantation unprofitable. Losses in 
stand of plants in Michigan plantations have been observed to range from 
5 per cent to as high as 60 per cent, in some cases, with consequent reduc- 
tion in crop yields. A typical example is the case of a 1-year-olcl plantation 
located in the central part of the State where the grower set in new plants 
twnce in an unsuccessful attempt to secure a full stand (Fig. 1). Many 



Fig. 1. A 2D-aere plantation near Edmore, Michigan, shomng effects of black root. 


1 Journal article GO (n. s.) from the Agricultural Experiment Station of the Michi- 
gan State College, published by permission of the Director. This paper includes, in part, 
material presented by the senior writer as a thesis in partial fnlfillment of the require- 
ments for M. S. degree, M. S. C,, June, 1927. The writers acknowledge indebtedness 
to Dr. E. A. Bessey and Dr. G, H. Coons for suggestions and advice during the course 
of the investigation. 
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other similar eases have been observed. Losses of plants in older planta- 
tions are partienlarly prevalent at the time of fruiting. 

It is suggested that along with drought injury and winter killing, the 
disease that is the subject of this article is an important factor in the 
difficulties encountered in securing and maintaining a stand of strawber- 
ries. As the discussion proceeds, it wdll be seen that we are concerned with 
a root disease that, by its weakening effect on plants, renders them low in 
vitality and subject to injury by various factors, such as drought and 
frost. The conditions to be described will be seen to play an important 
role in the deterioration of strawberry plantations. 

THE BLACK-ROOT DISEASE 

A strawberry plant affected with black root has a characteristic ap- 
pearance. The diseased plant shows low vitality, is usually stunted, and 
has a tendency to dry up at the onset of dry-weather conditions. Such a 
plant, on being dug up, is found to have a root system in which the roots 
are all black, corky in texture, and apparently dead. If a diseased plant, 
not yet in the wilting stage, be examined, there will be seen young white 
lateral roots pushing out from roots with blackened cortical tissue. On 
examination of such a root the diseased cortex will be found to peel off 
readily, leaving the vascular cylinder from which the secondary roots arose 
still more or less white and apparently functioning. It should be borne in 
mind that roots dying from age present much the same general appearance 
as that just described. 

The examination of a younger plant affected with black root yields a 
more clean-cut picture of the disease. Even these younger plants show 
characteristic evidences of the disease by the production of smaller leaves 
and fewer main roots, together with the reduction in number of lateral 
roots. Young plants affected with black root lack vigor, as is manifested 
by their slow growth and reduced runner prodnction. Some of the main 
roots of such plants will be rotted their entire length and brown to black. 
From few to many lesions are to be found on the main roots, and many 
or all of the lateral or secondary roots will either be rotted off or show 
distinct rotted areas (Fig. 2). 

The lesions on the main roots vary in size from 0.5 to 5 cm. in length 
and usually encircle the root. At first they are reddish brown and later 
become black. These lesions, in their early stage, exhibit a brown, water- 
soaked appearance, but very soon become shriveled and shrunken. Very 
often the rotting involves all of the root tissue, affecting the stele or 
vascular eyffnder, as well as the cortical tissue. Such roots break at the 
rotted portion. The lesions on the lateral roots resemble in miniature 
those on the main roots. 
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It is probable tliat the attack upon the lateral roots is very important 
ill producing the general effects of black root, since the root hairs through 
which water and plant-food materials enter the plant largely occur on these 
portions of the root system. The loss of these lateral roots then reduces the 
efficiency of the root system. This lack of a properly functioning root 
system is seen in plants affected with black root or root rot during dry 
periods of summer and especially during the picking season, if it is at all 
dry. On a hot day the leaves will wilt down and then recover during the 
night. If the dry weather continues, the plants will die, the berries shrivel- 
ing and hanging green or partially ripened on the stem. The leaves fre- 
quently become purplish or bronzed, and the petioles turn red. 

PREVIOUS WORK 

Writers on strawberry culture have long referred to black root as a 
diseased condition of unknown cause. There is little to be gained by re- 
ferring to these scattered notes, since none of the older writers made more 
than casual comment on the severity and probable cause. 

AVhat may be a typical ease of black root was described by Clinton (5) 
under the heading ''Leaf Scorch,’’ but he stated that no fungus appeared 
to be affecting the roots. Fletcher (8) in 1917 describes "root rot or black 
root” of strawberry and states that the disease was prevalent in New York, 
Michigan, and Massachusetts in the years 1902 to 1908. "When the berries 
are about half grown the plants wilt and turn yellow; the roots are de- 
cayed. Most of this trouble is due to winter injury, but a bacterial disease 
is associated with it in some cases. Poor culture, lack of fertility, the 
crowding of plants in the row, insufficient mulching, and wet land are 
favorable for this trouble.” Heald (10) in 1920 mentioned the "dying 
out” of strawberry beds in western Washington and ascribed the trouble 
to Ehizoctonia. The next year Smith and Horne (16), in California, de- 
scribed a rot of strawberries in which the cortex of the root decayed. No 
parasite was found and the rot was believed due to water-logging of the 
soil or sudden drying out of soil moisture. In the summer of 1923 the 
disease was reported from Mississippi by Neal (11), who \vrote; "A root 
rot of strawberry has been discovered in many parts of the state the present 
season. The disease causes a distinct waiting of the plants, aecompanied 
by pronounced discoloration of the roots and crown tissue. A species of 
Pusarinm has been isolated from the affected crown, but at present it is 
not known if this fungus is parasitic or responsible for the death of the 
plants. This trouble is serious and is causing many growers of strawberries 
considerable alarm. ’ ’ 

Investigations on black root date from this time and are not very ex- 
tensive. In 1923 Berkeley and Jackson (3) reported the isolation of vari- 
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oils soil bacteria tliat they thought to be the causal organisms. Later, in 
February 1924, Berkeley (4) further reported black root present the 
second seasDii and doing much damage. The soil bacteria isolated previ- 
ously failed to cause infection when tested by inoculation into plants. A 
species of Fusarium was suspected and mycelium was found in sections 
of diseased roots. In 1924 Sherbakoft (15) reported black root as a disease 
of wide occurrence in the Southern States and also farther north. He 
stated that it is of considerable economic importance in certain sections. 
He isolated a fungus from the diseased roots, but was unable to identify 
it because it remained sterile in culture. Coons (6) also, in 1924, described 
black root of strawberries in Michigan and stated that the conditions of 
infection indicated Rhizoctonia as the causal organism. In 1926 Darroiv 
(7) summed up the situation as follo\vs: ''There are several tronbles known 
as black root wdiich are caused by fungi or bacteria. No thorough studies 
of these troubles have ever been made, but their effect is to kill the roots 
and so shut off the intake of -water and dissolved minerals.'’ Again: 
"Little is known of the cause or control of crown or root diseases of straw- 
berries. They are often very serious and may canse serious injury wdiieh 
is not recognized as due to disease. They may even be the most important 
of all straw^berry diseases." 

Late in 1926 Wardlaw^ (22) reported on the Lanarkshire disease of 
strawberries in Scotland. His description is somewdiat similar to the black- 
root disease in this country. He isolated a Pythiimi and an unnamed 
member of the Fungi Iniperfecfi that, upon inoculation, produced typical 
symptoms of disease. In 1927 Ball, Mann, and Staniland (2), reporting 
the straw’berry investigations at Long Ashton, England, describe "sudden 
wilt" of straw^berry. Fungi w^ere isolated, but no proof of pathogenicity 
w’as obtained. Although the condition of the root system is not mentioned, 
the general symptoms resemble those observed in black root. In 1928 
Thomas (21), in discussing the killing of strawberry roots in NewyYork 
State, concluded that the root killing may result from a number of causes 
and that fungi play a minor role. Akoek (1), in 1929, stated that the 
name "Lanarkshire disease" has been used to include several stra-wberry- 
root troubles. She described a root rot that she called the "red core root" 
of straw^berry. This disease is, apparently, not the same as black root. 
Ill 1930 Plakidas (13) reported on the root rot of strawberries in Louisiana. 
Several unidentified species of Pythium w^ere isolated, one of w^hieh proved 
to be very pathogenic wben used to inoculate healthy plants. 

occurrence OF THE DISEASE 

The black root of strawberries is widely clistributed in the United 
States and Canada. The disease occurs in Mississippi, Louisiana, Tennes- 
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see, Alabama, New York, Ontario, California, and Washington. On the 
trip made by the 5th Annual Meeting of The American Phytopathological 
Society (9) in 1923, through western New York and Ontario, Canada, it 
was observed at various places. 

Collections in Michigan have shown the disease widely distributed in 
the strawberry-growing districts of the State. It is evident that this 
disease is extremely wide-spread and coincident with the culture of straw- 
berries. Sinee strawberry plantations are established with nursery plants, 
and new varieties are constantly being introduced by nurseries, one might 
suspect that we are dealing with a disease of strawberries distributed 
perhaps on nursery stock and thus becoming introduced and established 
in the fields. 

Opposing this view is the fact that plants of native species have been 
found either killed out entirely or showing marked evidences of the disease 
by the presence of lesions and rotted roots. These wild plants have been 
found in many places in the State, and many cases have been observed in 
locations where strawberries have never been grown as a crop. It will be 
remembered here that wild-strawberry patches arise from seedling plants, 
the seeds having been carried by birds. This situation, together with the 
wide-spread distribution of the disease, strongly indicates that the disease 
occurs more or less irrespective of soil types, and the cause is to be sought 
among the local soil organisms. 

THE NATURE OF BLACK ROOT 

As has been said, examinations of the roots of plants affected with black 
root showed rotted roots and browned and blackened areas of varying size. 
(Fig. 3, A, B, and C). These lesions indicate a parasitic organism as the 
cause. 

It has been pointed out that the situation was confused by drought and 
winter injury. In order to determine whether we were concerned with a 
disease caused by some parasitic organisms and not by soil or climatic 
factors, a series of preliminary experiments were performed. 

Dead and dying plants typical of the black-root condition were dug up 
and their root systems chopped into small pieces. This mass of debris was 
placed in pots so that strawberry plants could be grown -with new roots 
passing through this material. A series of pots were filled two-thirds full 
of clean sand, a 1-inch layer of debris added, and the pot then filled with 
sand. As a control, pots of clean sand with no black-root iuoenlum were 
employed. Also, pots containing a layer of debris, previously sterilized by 
autoclaving at 15 lbs. pressure for 30 minutes, were used as additional 
controls. Young runner plants with root tips just showing w^ere set into 
these pots. Frequent waterings were made to keep the sand and debris 
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iiiociiluni moist. Examinations and roacling's of tli6 condition of tlio loots 
were made in abont 14 days. The result of the test as shown in table 1 was 

TABLE 1 . — jResults of mocuJation of clean runner plants wiili si rau'h err y roots fiaturally 
infected with hlaclc-root disease 



Total no. 
plants 

i 

No. plants 
infected 

Infection 
per cent 

Total no. 
lesions 

Average 
no. lesions 
per plant 

Inoculated; clean sand 
plus black -root mate- 
rial 

1 

32 

29 

90 

104 

3.2 

Control: clean sand 

7 

0 

0 

€ 

[) 

Control : clean sand plus 
autoclaved black-root 
material 

13 

1 

7.6 

3 

0.2 


conclusive. In this expeinment typical black root appeared on 29 out of 
32 inoculated plants, w4iile, in the sand controls, all the plants remained 
healthy, as evidenced by their white roots. The 13 plants inoenlated wntli 
sterilized debris showed 12 plants healthy, while 1 plant showed 3 lesions. 
A plausible explanation of this is that it may have been natural infection 
due to presence in a diseased field and in an open pot. The great number 
of lesions appearing on the roots of inoculated plants as compared ■with 
the clean plants in the sand controls, as well as the plants inoculated wdth 
sterilized debris, indicates quite clearly that the disease is infectious and 
transmissible from one plant to another and parasitic in nature rather than 
attributable to some soil factor or to winter injury. Examination with the 
microscope of sections made from diseased roots gave abundant evidence 
of septate hjrphae in the root tissues. 

ISOLATION OP THE CAUSAL ORGANISMS 

Many plantings wnre made of bits of blackened roots in Petri dishes 
containing nutrient medium. Material for use in making siicli plantings 
was procured partly from strawberry plants sent in to the Botanical Sec- 
tion of the Experiment Station for disease diagnosis and partly from 
plants collected by the writers and others of the botanical staff in v^irious 
parts of Michigan where strawberries are grown extensively. 

Prune agar was commonly used as the medium for isolation purposes 
since its slightly acid reaction discourages bacterial growth. Potato- 
dextrose agar, corn-meal agar, and strawberry-root agar also were used. 
The technique of making these plantings consisted in w^asliing the roots 
carefully to remove the dirt. They were then dried of excess moisture on 
sterile paper toweling and split lengthwise, the splitting being initiated 
merely by sterile needles or forceps. Plantings w^ere made from the in- 
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terior tissues now exposed and that had not been touched by anything in 
order that no eantaiuinatioii might be introduced. 'Washiiig the roots with 
disinfectants was unsatisfactory, since no growth resulted from plantings 
made from materials so prepared. 

The range of material employed and the number of plantings made are 
believed by the writers to be extensive enough to afford a fair sampling of 
black-root material as it occurs in Michigan and to indicate the organisms 
chiefly involved. The isolations from diseased tissue were extended over 
a period of 6 years and involved the making of more than 3,500 isolations 
from diseased plants collected in various parts of the State. The fungi 
appearing most often in these plantings were: a species of Coiiiothyrium 
and a fungus tentatively identified as a species of Gloeosporium and later 
as a species of Patellina (20) but that we now believe to be identical with 
the PaieXlina fragariae of Stevens and Peterson (17) and Hainesia lyihri 
(Desm.) v. Holm, shown by Shear and Dodge (14) to be one of the im- 
perfect stages of Pezizella lythri (Desm.) Shear and Dodge. Other or- 
ganisms appearing occasionally were : a brown Fusarium, a red Pusarium, 
Pythiiim sp., Acrosialagmiis sp., as well as various species of Mucor and 
Penicillium. 

The Hainesia was isolated also several times from sporodochia on the 
lower leaves and from the inner tissue of black, shriveled peduncles and 
petioles of strawberry plants showing heavy natural black-root infection. 
These lolants were badly wilted, and finally died with green berries hanging 
on the black and shriveled peduncles. The lower leaves were dark brown 
with abundant cream-color sporodochia, and the root system presented the 
typical appearance. The roots were all black and rotted their entire 
length, so that many of them broke off 'when the plants were removed from 
the soil. 

PATHOGENICITY TESTS OF SUSPECTED ORGANISMS 

Polio-wing the isolation of the GoniotJiyrkmi sp. and Hainesia lythri 
in plantings from diseased tissue, these organisms ere secured in pure 
cultures and tested by repeated transfers. Several series of inoculation 
experiments were set up to test the iiathogenicity of these isolations. 

InocMlation of Straiaberry Seedlings . — The Coniothyrmm sp. and 
Hainesia lythri were used to inoculate strawberry seedlings grown in deep 
culture dishes on sterile sand, kept moist wuth sterile Ivnop’s nutrient 
solution. Both organisms Yvere able to infect strawberry seedlings. The 
result of several series of seedling inoculations are arranged in summarized 
form in table 2. Although several control plants died during the course 
of the experiment, these plants show^ed no fungi, externally nor internally. 
This is thought to be the natural death of less vigorous plants due to lack 
of nutrition. 
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TABLE 2 . — Summary of results of inoculations of strawberry seedlings with Coniothyr- 

ium sp. and Sainesia lyfhri 


Inoculated with. 
Hainesia lyfhri 

Inoculated with 
Conioihyrium sp. 

Control 

Ko. of 
plants 

Time 

Plants 

infected 

No. of 
plants 

Tim© 

Plants 

infected 

No. of 
plants 

Time 

Plants 

dead 




12 

13 

12 

46 

13 

0 





days 



days 


21 

11 

20 

24 

13 

21 

42 

11 

2a 


days 



days 



days 


195 

21 

184 

383 

21 

363 

111 

21 

16a 


days 



days 



days 



“ Tlese plants showed no fnngi, externally nor internally. This is thought to be the 
natural death of less vigorous plants due to lack of nutrition. 


Some time after the infection of those plants inoculated with the Conio- 
thyrinm sp., pycnidia appeared on the roots, stems, and seed leaves. The 
pyenidia were submerged in the tissue of the host. 

FIELD TESTS OP PATHOGENICITY OP CONIOTHYEIUM SP. AND HAINESIA 
LYTHEI FOE STEAWBEEEY BOOTS 

The nest series of inoculations were undertaken in the field, where run- 
ner plants were set in pots filled with clean sand, the purpose being to 
secure the natural conditions of plant growth and yet avoid as much as 
possible the contamination from the soil in which the mother plants were 
growing. In this way it was sought to demonstrate that the two organ- 
isms shown to be capable of producing black root under laboratory and 
greenhouse conditions could produce the field form of black root. For the 
most part, Premier and Senator Dunlap were the varieties used in these 
tests. The runner plants remained attached to the mother plants through- 
out the entire period of the experiments. The former were selected before 
any roots had started, were treated with a 4 per cent ehlorazene solution 
for 5 minutes, and set so that all root production was made in pots of clean 
sand. The pots were watered often enough to keep the sand constantly 
moist. 

The inocula consisted of pure-culture material of the Conioihyrium sp. 
and Hainesia lythri grown on various media, such as prune juice, potato- 
dextrose agar, and corn-meal mush. In the first of this series of inocula- 
tions, spore suspensions were used. Later, mycelial masses were used in 
small quantities, and it was found that the inoculations giving the highest 
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percentage of infection in tlie shortest time were those in which large pieces 
of mycelial mats were used. In some experiments the inoculum was placed 
in the sand, and the roots were allowed to strike and grow down through 
the inoculum. In other experiments the roots were allowed to strike in 
the clean sand, and the inoculum was added when the roots were at least 
1 inch long. The plants were then removed from the sand and reset. The 
control plants were handled in a similar manner except for inoculation. 

The disease developed in 10 to 21 days. At intervals of about 2 and 
4 weeks the plants were removed from the pots and examined. They were 
then either carefully reset so that later readings could be made or were 
brought to the laboratory and photographed, and reisolations were made 
from the lesions. 

During the course of this investigation, many such tests were made, all 
of them giving conclusive evidence of the pathogenicity of the two organ- 
isms. The data of these tests, being too extensive to be given in full, are 
summarized in table 3. 

The type of experiment possible under field conditions, if one desires 
to work with plants as nearly normal as possible, is one in which a medium 
free from infectious material is used for rooting the runners. The possi- 
bility of chance introduction of organisms on the runner plant, from dust 
and rain splashings, is considerable, and proper conclusions from experi- 
ments with soil organisms, such as those considered here, must be based on 
the relative amounts of infection in inoculated plants and in the similarly 
handled controls. 

It will be noted from a study of table 3 that, in general, the control plants 
show a small amount of infection that is to be regarded as casual infection, 
practically unavoidable in field work of this nature. Comparison of the 
infection in the control plants with the far greater infection found in the 
inoculated plants, as shown in columns 6, 11, and 16, table 3, the writers 
believe to be conclusive evidence of the pathogenic nature of the two organ- 
isms under consideration. 

The data given in columns 3, 4, 5, 8, 9, 10, 13, 14, and 15 of table 3 are 
from actual records made in the field. The figures in columns 6 and 11 
are obtained by dividing the total number of lesions by the total number 
of plants inoculated. The figures in column 16 are obtained in like manner 
for the control series of the experiment. The 7th and 12th columns show 
the relative percentage of infection in the inoculated plants of a series that 
is properly to be attributed to the inoculation. These percentages were 
obtained in each series by finding the difference between the average num- 
ber of lesions per plant in the control and the average number of lesions 
per plant in the particular series of inoculated plants considered. This 
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lesions ; 
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plant 
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Average 

0.95 

15 

Total 

no. 

lesions 

QO 'cJH 03 tC 03 O' 03 CM rH 03 CM 03 V-- OS 

03 03 03 rH CO' CO CO CC 

1 — 1 

Total 

343 

-rH 

ttH 

No. 

plants 

infected 

CO CO CO 03 vro 03 d t-- O l>' VO 03 CO CO' CO CO 
CO r-( rH rH 03 

Total 

109 

rc 

Total 

no. 

plants 

VO CO CO CC- I." Ol CO 05 Cl CO Ol 1;— CO CO 1-H ■-*-< 
03 == « CO “ -a “ C3 0-3 03 (O l O l ^ 

^ CO 

C VO 
^ C'O 
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CO 
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CM 

tH 

Infection 
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inocula- 
tion per 
cent 

O 1 — I VO- VCO CO OC CC 03 CO O V— i-H COi O CC CO 
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11 

Av. no. 
lesions 
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1.57 

7.42 

2.60 

.20 

6.48 

2.88 

7.22 

8.69 

6.15 

12.50 

13.62 

7.88 

14.0 

7.10 

1.44 

5.40 

GJ 

&JD. 

^ IQ 


Total 

no. 

lesions 

22 
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11 
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72 

94 

113 
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75 
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e Eepetitioii, not separate series. 
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difference, divided by the average lesions per plant for this particular series 
of inoeiilatioiis, gives the percentage of infection that may reasonably be 
attributed to the inoculation. Expression of the results in this manner 
avoids the distortion that would arise if the percentage of infection were 
based on the nuniber of plants showing lesions on the roots, it control 
plant showing one lesion would be given equal weight with an inoculated 
plant that iniglit have 10 to 20 or more lesions. 

Sterile sand was used in some of the inoculation experiments, but the 
amount of infeetion appearing in the control plants was not decreased by 
this procedure, indicating that the infection was clue to infectious material, 
blown, or splashed by water, into the sand from outside the pot. Isola- 
tions made from lesions on control plants showed a large percentage of the 
two organisms under consideration. 

The lesions and rotted roots found and recorded on the inoculated plants 
were identical in appearance with the lesions and rotted roots found on 
plants growing in cnltivated strawberry fields and on wild plants. These 
lesions at first are brown, shriveled areas usually encircling the root and 
having white healthy root tissue adjoining. These lesions were observed 
to lengthen until an entire root was involved. The particular organism 
used in the inoculation was recovered many times from such lesions. Typi- 
cal infection proclneed by inoculation is illustrated in figure 4, A and C, 
while B shows a typical control plant. 

INOCULATION OP l^RUIT 

Ripe berries were carefully washed and placed in sterile moist chambers. 
They Avere tlien inoculated Avitli spores or bits of mycelium, the epidermis 
of the berry being punctured, Tlie Hainesia caused a rapid leathery rot 
of the fruit with the production of abundant fruiting bodies (Fig. 5, A), 
the spore heaps being of a cream or straivberry color. This closely resem- 
bles the rot described by Stevens and Peterson (17) for their PaielUna 
fragariae and the rot caused by Ilainesia lythri described by Shear and 
Dodge (14). 

The Coniothy 7 Hum sp. caused a soft rot of the fruit, but no fruiting 
bodies were produced. 

ORGANISMS INVOLVED 

The organisms, shown by the Aviiters to have been coiieerned in the 
black-root disease of straAvberries, are the imperfect stages of two Asco- 
mycetes. The Coniothyrium species is morphologically very similar to 
Coniothipniim fnekelii Sace., shoAvn by Stewart (18) to be the conidial 
stage of LepiO'Sphaeria coniothy7^mni (Fckl.) Sacc. The spore size is 
Avithin the limits given by various authorities for C. fuck eUi on other 




Pig. 4. A. Plants inteeted by inoculation with Coniotliyrium fuakelii. The right side of the larger plant is so rotted 
that many of the roots are broken oft. B. Typical control plant. C. Plants infected by inocu- 
lation with Hainesia lythri. 
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Rosaceous hosts. The strawberry black-root Coiiiothjriiim apparently is 
not the same as C. fragariae Oud., wdiich is described as having consider- 
ably larger spores (11.6 x 9.3 p). Cnltnral and histological studies indi- 
cate that the fungus, first considered a Gieospormni sp., is identit^al with 
the Patellina fragariae of Stevens and Peterson (17) and Jlftnu'sia lyihri 
(Desm.), V. Holm., shown by Shear and Dodge (14) to be the same fungus 
and one of the conidial stages of PezizeMa lythri (Desnx.) Shear and Dodge. 
The following descriptions record the salient charaeteristies of these 
organisms. 


Coniothyrium stage of LeptospJiaeria cMniothyriuin (Pekl.) Sace. 

The pyenidia are ovoid to pyriform with a definite round ostiole, 
without prominent lips; black when filled with spores, but appear- 
ing dark brown after the spores are discharged. Walls thin, almost 
niembranaceous. P^’-cnidia 160 p to 200 p in height and 14I) p to 
170 p in diameter. (Pig. 5, D and E), 

Spores exuding in an inky black miicilaginons mass tlnit aecuinu- 
lates at the apex of the pycnidinm. Seen singly the spores are 
fuliginous, unicellular, short, ellipsoid to ovoid, round at both, ends 
and usually 2-gnttulate. Size 3. 8-4.8 p x 2. 7-3. 7 p, average 4,2 x 
3.1 p. 

Hainesia stage of Pezizella lythri (Desni.) Shear & Dodge. 

The fruiting bodies of this fungus vary in sliape from the sporo- 
dochinm typical of Tubercnlaria to a cup-shape, stiped body re- 
sembling an apothecinm. In some eases the cup is nearly clo^sed so 
that the exuding spore mass forms in a spore horn suggesting the 
true pycnidial type of fruiting body, Sporpdochia on the tissues 
of the strawberry plant, 70-130 p in diameter. In culture, often 
much larger, reaching a size of 700 p (Fig. 5, \I:>). Tln^ wall of tlH‘ 
caip is 5 or 6 cells thick, dark brown especially in the ba.sal ixortion. 
Sometimes the cups are nearly sessile, altbough many of tluun ba,v(^ 
very pronounced stipes (Pig. 5, C). Spores are produced singly on 
simple or sparsely bi'anchecl conidiophores. Barly couidioi)lioi'(‘s a,r(‘ 
short, blit, as the mass of slime-embedded spoiavs iucrca,si\s, tlu^ laltu’ 
eonidiophores elongate to penetrate this mass. Ponidiopliorf^s 
hyaline, slender 20-60 p long (Pig, 6, A). Sj)ores liyaliiu*, uiiic(‘l- 
lular, slightly curved, oblong -with pointed ends, G.O-OJ) p x 1.8 2.2 p 
(Pig. 6, B). In anass the spores are cream-color when young to 
brown with age. On ripe strawberry fruits the spore mass(‘s ai‘e 
often strawberry-eolor. 

The pyenidial and perfect stages described by Shear and Dodge 
(14) have never been seen by the writers, either in culture or on 
strawberry plants, but the organism in question resembles very 
closely the description and figures they give for the conidial stage 
Qi Pezizella lythri. 
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Pig. 6. A. Caiiiera-liicida drawings of eonidiopliores of Eamesfa lytJiri (x 700). 

B. DrawingvS of mature spores of Hainesia lythri (x 700). 

ROOT-TREATMENT EXPERIMENT 

Along witli tlie woTk of isolating the causal organisms and deterniining 
tlieir patliogenieity, attempts were made to find a root treatment that wonld 
be effective in cheeking or controlling this disease. Mercuric chloride, 
forniaJdehyde, and two organic-mercury compounds, Semesan and IJspnlnn, 
were used. Tliese compounds were dissolved in water in various concentra- 
tions, and tlie plants were plunged up to the crown in the solutions for 
periods of 30 niiiiiites before setting in the experimental field. Each treat- 
ment appeared six different times in the field, nine rows apart. Every 
tliird row Avas set witli nontreated plants as a control. Results do not 
warrant further details of the experiment, since lesions and rotted roots 
Avere found to be as abundant on the treated plants as on the nontreated. 
Tlie control plants, f(:)r tlie most part, made more vigorous groAAffh than the 
treated plants. 

DISCUSSION 

Bvidenee is presented of the parasitic nature of the black-root disease 
of stra,Avbm*ry, and tlie proof is given for assigning the disease to two 
organisms, rionml/ii/iTuai fuckeUi and Haineskt lythri. The role that eli- 
matiti factors jila}^ in augmenting the effects inaugurated by these organ- 
isms has been mentioned. Inoculation experiments have shown that the 
two fungi described in this paper are capable of infecting healthy, unin- 
jured strawberry roots, as well as roots that had been injured by removal 
from, and resetting in, the sand in which they were groAAui. Thus the in- 
oeulation experiments are comparable to the conditions of infection both 
of uninjured plants, Avell established in the soil, and runner plants that 
liave had the roots injured by transferring to ncAV plantations. 
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As has been shown, black root is to be found generally distributed in 
strawberry plantations in Michigan and elsewhere. The two organisms 
whose pathogenicity has been demonstrated have been isolated from straw- 
berry roots gathered from many more or less distant places. The Hainesia 
stage of FeBizella lyiJiri has also been isolated from rotted petioles and 
peduncles and from sporodochia on the lower leaves of plants, indicating 
the possibilities of rapid dissemination of this fungus in strawberry planta- 
tions during rainy weather. The similarity of the lesions found on culti- 
vated and wild straw^berries makes it seem possible that the wild plants 
also are affected with a black-root disease of the same nature as that of the 
cultivated plants. This suggests that these fungi may be soil organisms of 
wide distribution. The fact that in this study two organisms have been 
found, each capable of producing typical black-root conditions, together 
with the fact that the literature of the disease show^s other organisms 
assignable as pathogens, makes it seem probable that the black-root condi- 
tion in strawberries may be the result of attack by a number of pathogens 
working singly or together. Both of the fungi described in tliis article 
are capable of producing a rot of the strawberry fruit. 

The two organisms isolated in this work are known to be widely dis- 
tributed and to have a wide host range. Shear and Dodge (14) list Knbns, 
Oenothera, Acer, Epilohinm, Cornns, Smilax, Ehns, and Pragaria as hosts 
of the Hainesia. Comoihyrium f^^ckelii has been shown to he actively 
parasitic on other Rosaceous species. O^Gara (12) showed that this fungus 
causes a canker of rose and apple and a fruit rot of apple, Stewart and 
Eustace (19) proved G. fuckelii to be the cause of cane blight of raspberries. 

Although some work has been done on the control phase, the treatment 
of roots has not been siiecessful in cheeking the disease. Since the organisms 
causing this disease are wide-spread, root treatment will be useless. 
Whether these organisms and others that may cause the disease were 
originally spread by diseased plants that developed in nurseries cannot he 
said. This is probably not the case, hut the growers of plants for sale 
should furnish as strong, vigorous, and healthy plants as possible. The 
grower who sets plantations for the fruit crop must select only this kind 
of plants for setting. Where root rot is severe, it is advisable to follow a 
one-crop rotation. Strawberries should he planted in soil where straw- 
berries have not been grown for some years or, if possible, where straw- 
berries have never been grown. The leading nurserymen practice this 
method to obtain as vigorous and as healthy plants as possible. The ulti- 
mate control is, as with so many plant diseases, probably to be sought in 
the selection or breeding of disease-resistant plants. 



1931] Strong and Strong: Black Root of Strawberries 


1059 


SUMMARY 

1. Black I'oot of strawberry w-as found from reports in tlie literature 
and eolleetions made by the writers to be a wide-spread disease of cultivated 
and wild strawberries. Its etiology was not well-known. 

2. By inoculation with strawberry debris, the infectious nature of the 
disease was determined and niicroseopic examination showed constant asso- 
ciation of fungus hyp ae in the lesions. 

3. The Coniothyrium stage of Leptosphaeria coniothyrnm (Fckl.) Saee. 
and the Hainesia stage of Fezizella lythri (Desm.) Shear and Dodge have 
been isolated many times from typically diseased roots and their patho- 
genicity to plants grown under controlled conditions has been proved. 

4. In several series of held-inoculation tests, using runner plants rooted 
in clean or sterile sand, the typical disease has been produced by each 
organism, thus leaving no doubt of the etiological relations of these two 
forms. 

5. Technical descriptions of these two species of organisms are given. 

6. Treatment of strawberry plants with standard disinfectants before 
setting did not control black root. 

7. General control measures, such as would make for strong, vigorous 
plant growth and rotation of crops, are recommended. Illtimate control 
of this disease will doubtless depend on selection of resistant strains. 

Michigan State College, 

East Lansing, Mich. 
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FURTHER NOTES ON PLANT DISEASES IN PBRU^ 

E . V . A B B O T T 2 

Since tlie pTiblieation of an earlier paper (1) on the diseases of economic 
plants in Peru several diseases hitherto iinreported have come to attention, 
and inforniation reg-arding the distribution and importance of others has 
been accximiilated, mueh of which is of general interest. It appears de- 
sirable, therefore, to make a further report on the plant diseases of the 
country. 

SUGAR CANE 

1. Sugar-cane mosaic in the Carahayllo Valley has been found to be more 
widespread than at first reported. Pew fields are entirely free of the dis- 
ease and many of them, particularly the old rattoons, show 90 to 100 per 
cent infection. It was at first thought that eradication offered the most 
effective means of control, but, in view of the general distribution of the 
disease on the i)lantations of this valley and the indifference toward it on 
the part of most of the planters, eradication appears to be impractical. 
Control measures should be concentrated rather on the introduction and 
testing of more resistant varieties in case mosaic should cause the failure of 
Otalieite or Bourbon, of which there is little indication at present, even 
where the disease has been present for 8 to 10 years. Field trials of re- 
sistant varieties, ineluding several of the P. 0. J.’s, have been initiated. 

Altliough surveys have been made in every important cane-growing 
valley in Peru for the purpose of determining the presence of mosaic, the 
disease has not been found outside of the Eimac area. A strict quarantine 
has been placed on the exportation of seed cane from this region to other 
parts of the country. 

2. The mechanical twisted top is occasionally observed affecting Ota- 
heite, but it is of no i;mportance. 

COTTON 

1. Fusarium wilt is rapidly becoming more serious in the valleys where 
it occurs, particularly in the Rimae and Carahayllo, and is causing the 
abandonment of cotton culture on several plantations. Each year the dis- 
ease appears in fields where it had not been observed before, the spread ap- 
parently being due to inoculum carried by irrigation water. 

1 GoHtrilnitioii from tlie Department of Plant Pathology, Bstaelon Experimental 
Agrieola, Lima, Pern. 

2 The writer ia indebted to Dr. J. C. Arthur for the identification of J*ucci%m 
glumaTuiUj P. Pittierian(Xf and Aecidiuvn cantensis ; to Dr. C. D. Shear for FJiyllacTiora 
mctydis and JPliomci, sBicoluj to Dr, 0. D. Sherbakofi for Fusarium martU-ininus and 
P. soland; and to Dr. Charles Chnpp for Cercospora ^ehrma, 
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Certain Yarieties of American Upland cotton, developed in the United 
States for their resistance to wilt, have failed to show promise when planted 
in wilt-infested soil in Pern. In experiments conducted at Lima during the 
seasons of 1929 and 1930, Rowden 40, Rowden 2119, Super Seven, Dixie 
Triumph, and Express all proved to be more susceptible to wilt than the 
native Tangnis and had the additional disadvantage that, when planted in 
wilt-free soil, their production was much less than that of the native vaiuety. 

These varieties were planted on October 10, 1929, in soil known to be 
heavily infested with the wilt fungus. Symptoms of wilt began to appear 
late in December and the first counts were made on January 1, 1930, just 
prior to the blooming period. The average percentages of wilted plants at 
different dates during the season are shown in the following table : 


TABLE 1. — Percentage of plants showing infection l)y Fusarium vasinf ectum at dif- 
ferent dates during the 1930 season 


■Variety 

Jan. 1 

Feb- 1 

Mar. 1 

Apr. 1 

June 1 

Tangius strain 562 

3.2 

8.8 

36.4 

41.7 

100 

762 

3.5 

13.5 

31.3 

67.8 

100 

2072 

2.1 

8.8 

25.1 

32.4 

100 

Dixie Triumpli 

3.2 

17.7 

22.4 

100.0 

Dead 

Eowdeii 40 i 

2.0 

15.0 

1 30.0 

100.0 

I 

‘ ‘ 2119 

2.3 

15.0 

28.7 

100.0 

C ( 

Express 

1.3 1 

19.5 

27.0 

100.0 

< e 

Super Seven 

3.0 

12.6 

22.7 

100.0 

< e 


It will be noted that, although during the early part of the season the 
Tanguis strains showed about the same degree of infection as the American 
varieties, Tanguis stood up much better as the plants approached maturity. 
By June 1 all of the American varieties had been killed by wilt and pro- 
duced no crop of any consequence, while the Tanguis strains continued to 
mature a large percentage of the bolls that had set, in spite of the fact tliat 
all of the plants showed indications of wilt infection. There was, however, 
considerable shedding in the Tanguis and the yield was materially reduced. 

It is customary in most sections of Peru to grow from one to three rat- 
toon crops of cotton from a single planting, and in the rattoons the greater 
wilt resistance of Tanguis is more marked than in the plant crop. Although 
the number of plants of this variety emerging the second season may be re- 
duced from 10 to 50 per cent by wilt, the American varieties fail entirely, 
having been killed by the disease at the end of the first season. Notwith- 
standing this greater resistance, however, the yields of the Tanguis rattoon 
crops are materially reduced, and it is their failure that has forced the 
abandonment of cotton on some plantations. 
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Beeause of the failure of Tanguis on heavily infested soils the planters 
have been forced to turn to other crops, such as potatoes, beans, corn, and 
alfalfa, none of viiieh is so profitable as cotton would be were it not for 
wilt. ’While this eliang'e of crops probably will reduce the amount of wilt in 
the soil, the ehanees of effectively controlling it by means of rotations are 
somewhat lessened by the fact that any crop grown must be irrigated, and 
under the present system of irrigation it is seldom possible to obtain w^ater 
that has not passed over wilt-infested fields, thus constantly bringing in 
fresli inoculum, 

2. Powdery mildew [Erysiphe Malachrae Seaver). This fungus, which 
has been described elsewhere (3), is prevalent on cotton in the coastal val- 
leys. Although it may sometimes cause partial defoliation, this occurs late 
enough in the season so that little or no damage results. 

3. Alveolate mildew'' (Ramularia arealo Atk.) has been observed on Gas- 
sy piwm peruviamim in experimental plots at the Lima experiment station 
but not on Tanguis or the American varieties. 

4. In 1929 tlie Alternaria leaf spot killed 5 acres of cotton seedlings near 
Lima. 

CEREALS 

1. Strix)e rust of wheat {Piiccinia gUimarum (Schmidt) Eriks. & 
Henn.) occurs not uncommonly in the sierra where wheat is grown commer- 
cially, but it was not observed in the fields of the experiment station at 
Lima where P. graminis and P, triticina were alw'ays present. 

Stripe rust is of much less importance in the country as a whole than 
stem rust, How'-ever, it has been observed causing leaf injury in some sec- 
tions wdiere both stem and leaf rust were absent. In June, 1930, fields of 
^'Australian'’ ■wdveat (variety not known), growing at an elevation of 

13.000 on Caebi-Caehi farm near Jauja, were found in w^hich stripe rust 
wTis prevalent and ea vising some leaf drying, while neither leaf nor stem 
rust was present. 

2. The importance of stem rust in Peru has already been reported (2). 
While on trips to the sierra wheat-growing sections the writer has been in- 
terested in observing the gradual decrease in rust infection on ascending to 
elevations greater than 8,000 and 9,000 feet above sea-level. At Tarma 
(8,000 to 9,000 feet) in June, 1930, the percentage of infected plants of the 
Peruvian variety ‘‘Barba Blanca" was 100 per cent and the injury classed 
as medium. Ascending the mountain on the road from Tarma to the Huaii- 
cayo Valley (10,000 to 11,000 feet) fields were examined along the way, in 
wdiicli the decrease in the degree of infection was obvious. In the Huan- 
eayo Valley the average percentage of infection was less than 30 per cent, 
the injury being classed as slight, while at Cachi-Cachi farm (13,000 to 

14.000 feet) near Jauja not a trace of stem rust w^as found in fields extend- 
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ing over several liundred acres. This was fomid trne also in 1929 during a 
trip to the same section. 

A similar condition was observed in southern Peru in February, 1928, 
although, at that time, it did not appear so significant until found generally 
true in the wheat-growing sections of the country. Stem rust in the Are- 
quipa Valley (8,000 to 9,000 feet) was extremely severe, the infection in 
every field examined being 100 per cent) ; whereas in the Cuzco Vallejo 
(10,000 to 11,000 feet) and at Juliaca (12,000 feet) only scattering plants 
of the same variety of wheat growing at Arequipa were rusted. 

It must be remembered, of course, that wheat, growing at different ele- 
vations at a given time of the year, is in a different stage of maturity, a 
fact which might influence the degree of rust infection. February is the 
harvest month at Areqnipa, wdiile, at Cuzco, wheat usually begins to head 
during the early part of that month and is harvested in May and June. 
However, the small amount or absence of rust in the fields at harvest time 
at elevations above about 10,000 feet lias been verified by later visits to the 
Hnancayo-Jauja sections, and by reports from farmers in southern Peru, 
accompanied in some eases by specimens of the straw. 

In a previous paper (2) the opinion w-as expressed that wind-blown 
spores from the mountainous wheat-growing sections were the source of 
stem-rust infection on the coast where wheat always suffers so severely from 
this disease that it rarely reaches maturity. There appear to be three pos- 
sible sources of infection: (a) presence of an alternate host which bridges 
the gap from one crop season to the next; (b) survival of urediniospores on 
old straw; and (c) wind-blown spores from the higher altitudes. 

Species of Berberis do not grow along the Peruvian Coast, although they 
are native to many sections of the sierra. However, infection of these plants 
by the stem-riist fungus has not been observed by the writer, even where 
they were growing adjacent to fields of heavily rusted wheat. No evidence 
has been accumulated to indicate that the sx^ecies of Berberis native to Peru 
play a part in the life cycle of stem rust in that country. 

The possibility of some other grass harboring the fungus was considered, 
but a collection of wild-grass rusts in the valleys adjacent to Lima failed to 
reveal the presence of Puccmia graminis. It seems improbable that a sec- 
ondary host xolaiit is responsible for initiating the epiphytotics of rust that 
occur when wheat is planted on the coast. 

To determine whether the urediniospores survive from one crop to the 
next on the coast a series of inoculation and germination experiments was 
undertaken at the harvest season in November, 1928, and continued in 1929. 
Small sheaves of the varieties Pusa-4, Hope, and Khapli emmer, showing 
abundant uredinia, were gathered in the field on November 8, when the 
heads were in the hard-dough stage, and placed in screened cages in a 
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sliaded place near the edge of the field. A few pieces of stra^v of each 
^vere taken to the laboratory to be used as a source of inoculum. Inocula- 
tions were made by dusting* the urediniospores on seedlings of Pusa-4 show- 
ing* the tliird leal. Pusa-4 was selected because of its ready susceptibility 
to rust in tlie field. The small flower pots, in which the seedlings were grow- 
ing, were tlien placed in a moist atmosphere under bell jars and incubated 
at 18 to 20° C. for 48 hours. At the end of that time the bell jars were 
removed and the pots, including uninoculated checks, were set in an open 
patio where they received only the morning sun. Headings for infection 
were made 15 days after inoculation. This inoenlation procedure was re- 
peated at the end of 15 and 30 days from the time of collection of the mate- 
rial in the field, with the straw from the cages serving as the source of 
inoculum. 

The viability of the urediniospores from the three varieties at the time 
of eolleetion was shown by the production of well-developed uredinia on 
the Pusa-4 seedlings in 15 days. Prom the material that had been stored 
15 days in the cages, however, only weakly developed nredinia or yellowish 
Spots were produced, while at the end of 30 days’ storage there was no 
indication of infection. Similar residts were obtained with Kliapli emmer 
collected iu tlie field on November 15 and December 1. 

The experiment was repeated during November and December, 1929, 
and January, 1930. In no case did the urediniospores survive for more 
than 30 to 35 days, either when the straw was left in the field or placed 
in cages. Figures obtained with Khapli emmer are typical. The material 
was collected on January 13, 1930, from plants in the liard-dongh stage and 
placed in cages as before. Field temperatures during the storage period 
varied from a dafiy minimum of 25° C, to a maximum of 36° C. The 
viability of the urediniospores was determined by germinating them in 
sterile distilled water in moist chambers at 20° C. and checking the results 
by inoei;ilatii)iis of Pusa-4 seedlings at the time of collection and at the end 
of 10, 2(), and 30 days. The germination counts in each case were based 
on tlie examination of 1,000 spores 3 to 3-| hours after placing them in the 
crater. The results are shown in table 2. 

Fr()in an initial germination count of 41.2 per cent the number of viable 
spores dropped to 20.5 per cent after 2 days and then decreased gradually 

TAl^UE of urediniospores of Puccinia graminis tritiei after different 

storage periods 


Days after eolleetion 

0 

2 

4 

10 

1 20 

30 

38 

Percentage of germination 

41.2 

20.5 

13.0 

9.0 

4.4 

1.0 

0 

Infection of wbeat seedlings 

+ 



+ 

Weak 


— 
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iiiitil only 1 per cent at the end of 30 days. After 38 days there "^Tas no 
germination. 

Checking these results by plant inoculations it was found tliat iiunierous, 
well-developed uredinia were produced by the freshly collected inociilmn. 
At the end of 10 days' storage of the inoculum the resultant uredinia were 
of normal appearance, although less numerous. After 20 days only scat- 
tered, small uredinia appeared, and at the end of 30 days there "was no 
evidence of infection. Similar results were obtained with inoculum from 
Hope and Pusa-4. 

Prom these results it seems improbable that the urediniospores remain 
viable from December or January until the following August when the first 
rust infection usually appears in the field. Attempts to germinate the 
spores from the old straw which had remained in the field during that 
time were not successful. 

By the process of elimination wind-blown spores from the higher alti- 
tudes are left as the most probable source of stem-rust epiphytotics on the 
coast. While there is no experimental evidence to support this view, it 
does not seem unreasonable to believe that they cause at least the initial 
infections when it is considered that wheat is growing throughout much 
of the year at different elevations in the sierra and that rust spores are 
carried long distances by winds. In the case of wheat, growing in the 
Rimac Yalley, it would mean a transfer of only about 60 miles. Consider- 
able wheat is grown every year at Canta, 60 miles distant and 8,000 feet 
higher, the harvest season coming in June, when the crop is approaching 
the heading stage in the valley below. 

3, It is interesting to note that P%iccinia graminis avenae Eriks & Henn. 
was collected by the writer only once in Pern, a single heavily infected 
specimen from an experimental farm at Hiiaraz (elevation 11,0()() feet) 
being collected in June, 1930. This was on an unnamed ABierican variety. 

At the Lima experiment station several American varieties of oats were 
grown for three seasons, and, although stem rust was severe on adjacent 
plots of both wheat and baxdey, it did not appear on the oats. Nor was tlie 
di>sease observed on oats in other sections of the sierra where stem rust was 
present on both wheat and barley. The fact that oats is a comparatively 
new crop in Peru and not yet generally cultivated in the cereal-growing 
regions may account for the limited distribution of the disease. 

4. Barley stripe {Helminthos2yo7Hum gramineum (Rab.) Eriks.) and 
spot blotch [H. sativimi P., K., & B.) are common on barley in Peru, the 
former sometimes causing premature death of the plants and resulting in 
reduced yields. The severe injury attributed to E. teres Saec. in a previous 
paper (1) was later found to be due to H. gramineum. Net blotcli occurs 
in Peru, but it is of less importance than stripe. 
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saiiviim presents a particularly serious problem in 
Peru because of the severity with which it attacks Khapli emmer, the only 
cereal of the wheat group that, up to the present time, has shown any pos- 
sibility of eommereial cultivation on the coast, stem rust making- impossible 
the cultivation of any of the 110 varieties of durum and common wheats 
thus far tested. During the seasons of 1928, 1929, and 1930 some experi- 
mental plots were so severely blighted that they failed to mature. The 
fungus was isolated from lesions on roots, nodes, culms, leaves, glumes, 
and seeds. 

5. Ilelminttwsporium oryzae Br. de H. has been identified as the cause 
of ‘ ‘black point of rice in several valleys of the coast. 

6. Phyllackora maydis Maubl. is common on corn on the coast and some- 
times is severe enough to cause premature drying of the leaves. 

7. Phoma zeicola E. & P. is of rare occurrence on corn. 

POTATOES 

1. Late blight iPhyiophfhora infesians (Mont.) de By.) is of less “imi- 
versaP' occurrence in the country than was believed at the time the previous 
report (1) was made. It has since been determined by personal observa- 
tion that essentially all of the damage attributed to this disease in the sierra 
is actually due to low temperatures. Local growers do not always recognize 
this fact and give descriptions of frosted plants which closely approximate 
the symptoms of blight. The term ‘‘hielo’’ is used for both blight and the 
effects of cold weather. 

In a rather extensive survey of the potato districts of the country during 
1928, 1929, and 1930 late Wight was not found affecting either wild or cul- 
tivated species of Solanum at elevations above about 9,000 feet. In 1928, 
in the Areqiiipa Valley (8,000 to 9,000 feet), a small amount of Wight was 
found in some fields. This appears to be contrary to what would be ex- 
pected if blight were indigenous to Peru, a supposition which had generally 
been acc(‘ptc‘(l as fact until the appearance of Reddick’s paper (5). The 
disease is present and iKS often severe along the coast, particnlarly in the 
vicinity oi' Lima where introductions of seed potatoes from Europe and 
the UnitiTl States liave been made frequently in past years. The fact that 
bliglit apparently does not occur in the sections where the potato is native 
and where introduetioiis of seed stock from other countries have been very 
infrequent, while the disease is eomnion in the lowlands where such intro- 
ductions have been made and where the potato is not native, lends some 
support to Reddick’s theory that the blight fungus is not indigenous to 
South America. That the failure of the disease to develop at the higher 
altitudes is not due to the resistance of the varieties grown there is shown 
by their susceptibility to it when grown on the coast. 
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2. The widespread clistribiition of poAvdery scab (Spongospora suhterra- 
nea Wallr.) in Pern has been reported previously (1) . The writer has found 
the disease in every potato-gT owing* section of the sierra visited, which in- 
cludes the Departments of Arequipa, Cuzco, Puno, Ayacucho, Huaiicavelica, 
Junin, Hnanuco, and Lima, while specimens were received at the laboratory 
from Apurimac, Ancash, Libertad and Cajamarea. Not a siiigie field has 
been examined at harvest time in the Departments mentioned where the 
disease Avas not present, usually affecting at least 10 per cent of the crop 
and frequently 50 per cent or more. Fields on the larger farms, as well 
as on the small, isolated, mountain-side plots of the Indians, who probably 
have never grown anything but native potatoes, were affected. It seems 
to be expected by most growers that at least 5 to 10 per cent of the crop 
Avill be discarded each year because of the canker stage of the disease. 

The fact that poAvdery scab is present throughout the parts of the coun- 
try AAdiere the potato is native, particularly in the isolated section of the 
Andes where it is doubtful whether the Indians have ever had more than 
casual contact Avith the White Man, indicates that the disease is indigenous, 
to the country. It is extremely unlikely that an introduced disease Avotild 
have become so universally distributed throughout the Andean regions. 
Further support of the belief that it is indigenous was obtained on June 14, 
1930, Avhen a wild-potato plant Avitli several tubers shoAving the character- 
istic skin lesions of the disease was found on Cachi-Cachi farm near Jauja. 
The plant was growing on a hillside wdiicli had never been cultivated so 
far as knoAAux and about three miles from fields of cultivated potatoes. 

3. The presence of wart {Synchyirmm endoMotimmi (Schilb.) Perc.) 
in Peru has been reported (1). From the time the disease was first dis- 
covered on Cachi-Caehi farm in September, 1928, a search AAms made in all 
potato-groAAung sections of the country Ausited in order to determine its 
distribution. In addition, frequent inspeetions Avere made of potatoes in 
the Lima public markets AYhich had come from many different parts of the 
country. 

No authentic ease of the occurrence of wart outside of the Adcinity of 
Cachi-Cachi farm has come to the AAuiter’s attention, although a groAver 
from Puno [extreme southern Peru), on examining a specimen of the dis- 
ease in the laboratory of the experiment station at Lima, stated that it 
occurred there. 

At Cachi-Cachi wart appeared in 1928 and 1929 hut wms not found in 
the 1930 crop. The OAvner of the farm AA^as unable to say how long the dis- 
ease had been knoAvn in that section, but he AA^as of the opinion that it had 
been there many years. The botanist of the agricultural school in Lima, 
who has been in Peru for 20 years, stated that Cachi-Cachi is the only place 
from AAdiieh he has received specimens of AAuirt. 



1931 ] 


Abbott: Plant Diseases in Peru 


1069 


4. Two rusts {AGcidki7n cmiiensis Arthur and P^iccinid Pitiieriana 
Henri.) occur on potatoes in Peru. The forrper is a new disease described 
by J. C. Arthur (4) from material collected by the writer in the vicinity 
of Canta, about 60 miles northeast of Lima, at elevations ranging from 8,000 
to 9,000 feet. Although it is quite general on potatoes near Canta during 
tlie latter part of the growing season, it is of minor economic importance. 
It has not been observed outside of the Canta district. The disease also 
oeeiirs on tomatoes. 

Piiccinia PiUieriana was collected in February, 1929, near Tarma, where 
it was causing some defoliation. It was not observed in other parts of the 
country. 

5. Powdery mildew {Oidium sp.) occurs generally throughout the 
sierra, the heaviest infections being observed near Tarma and Canta. 
Sometimes the stems and petioles are covered by a whitish, powdery growth 
of the fungus, causing brown patches on the epidermis and often resulting 
in partial defoliation. The perfect stage of the fungus was not observed. 

6. Stem rot and black scab {Corticium vagtos Berk. & Curt.) are serious 
on potatoes on the coast nearly every season and frequently cause losses in 
the sierra. The yellow-flesh variety appears to be particularly susceptible. 
During the 1929 season some fields of this variety in the Riniac Valley were 
a total loss as the result of stem rot. No control measures are practiced. 

The yellow-flesh variety is one of the choicest of Peruvian potatoes, and, 
because of its small yield, commands a price two to four times that of other 
varieties throughout the year. While it does not appear to he a heavy 
yielder, compared with other varieties, even when free of disease, diseases 
commonly cause considerable reduction in the yields obtained from it. The 
most important are stem rot, late blight, and mosaic. 

7. Tuber rots, caused principally by species of Pusarium {F. Martn- 
mimis Sheri), and F. solcmi Ap. & Wr.), prevent the storage of potatoes for 
any length of time on the coast, particularly during the warmer months. 
For this reason the coast-grown crop always goes directly from the field 
to the public markets, and even during the short time intervening between 
harvesting and consumption considerable numbers of tubers are lost through 
decay. Cold-storage facilities are lacking. The sierra-grown crop usually 
is stored in sod houses where the temperature can be kept at a desirable 
point until market conditions are favorable on the coast. 

FRUITS, VEGETABLES, AND MISCELLANEOUS 

Diseases of fruits not preAdoiisly reported include Diplodia rot of 
oranges {Biplodm 7iaialensis Bv.), -which has been found infrequently on 
market fruit in Lima; blue mold of citrus fruits {Penieillmm iiaUcm7i 
Welimer), which causes considerable loss of fruits in storage and shipment; 
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peacli-leaf eurl [Exoascus deformans (Berk.) PckL), which is serious in 
some of the sierra valleys, particularly Tarma and Ayacnclio, where it is 
gradually killing small orchards; peach mildew {Oid%um 
Desm.), general on peaches, hut of no economic importance ; and a wilt of 
papaya, with which a species of Pnsarmm wns found constantly associated. 

Mosaic is frequently a serious disease of tomatoes. Very little of it was 
noted in 1928, but, during the 1929 season, losses estimated at 50 to 75 per 
cent of the crop resulted from it in the track areas adjacent to Lima. In 
1930 losses approached 50 per cent. Mosaic of peppers also is common and 
often assumes importance. 

Miscellaneous diseases identified include Gercospora apii Fresen. on 
celery; C. ciirullina Cke. on watermelon; C. zehrina Pass, on alfalfa; stem 
rot [CorUcmm vagum Berk. & Curt.) of radish, beet, celery, spinach, straw- 
berry, buckwheat, soy bean, and broadbean; and the Oidium stage of pow- 
dery mildews on tomato, eggplant, pepper, cabbage, cauliflower, turnix), 
radish, cucumber, lima bean, soy bean, velvet bean, broadbean, cowpea, 
cassava, alfalfa, buckwheat, crimson clover, sour clover, sunflower, sweet 
pea, and zinnia. 

SUMMARY 

This paper lists 53 diseases of economic x^lants not hitherto reported 
from Peru, together with a discussion of several of the most important ones 
previously reported. 

Sugar-cane mosaic has been found generally distributed on the planta- 
tions of the Carabayllo Valley, but it has not been observed in other sections 
of the country. 

Cotton wilt is causing the abandonment of cotton culture in some sec- 
tions. Field tests are reported in which the Peruvian variety Tanguis 
l^roved more resistant to wilt than scA^eral North American varieties. 

Stem-rust infection of wheat in the highlands was found to decrease 
gradually with the elevation. Germination and infection experiments are 
reported indicating that the urediniospores do not survive from one crox) 
to the next, on the coast, supporting the theory that rust epiphytoties on 
the coast are initiated by wind-blown spores from the sierra. Stripe rust 
of wheat sometimes causes injury at high elevations where stem and leaf 
rust are absent. 

Potato late blight has not been found in the regions where the potato 
is native. Its absence from these sections and presence only where foreign 
seed stock has been introduced support Eeddick’s theory that it is not 
indigenons to South America. 

Potato powdery scab occurs throughout the Andes where the potato is 
native and was found once on wild potatoes, indicating that it is indigenous 
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to the country. Wart was observed in only one potato -growing district. 
Minor diseases of potatoes reported include a iieiv rust. 

Houma, Louisiana. 
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DISTRIBUTION OF CERTAIN PUNOI IN COLORADO SOILS 

E. L. LeCleegi 

The fuxig'us flora of our soils doubtless plays au important part in soil 
fertility, but in the arid regions of the West little study has been giyen soil 
organisms. The soils of Colorado differ greatly in moisture and soluble-salt 
content and offer a wide range of conditions for growth of fungi. 

It is the purpose of this paper to continue the previous report of LeClerg 
and Smith (3) and give a further survey of the fungus flora from a num- 
ber of localities and environments in an effort to ascertain the relative fre- 
quency of fungus species in this region in soils producing different crops.^ 

MATERIALS AND METHODS 

Thirteen different soil types were examined, from which 226 samples 
were taken. 

The methods employed in collecting, preparation of samples, and dilu- 
tion were the same as described in a previous paper (3). Briefly these are 
as follows: All samples were taken either with a sterile trowel or a soil 
auger fitted with a steel sleeve. The sampler was sterilized with mer- 
curic chloride (1:1,000). The top layer of soil, about 1 in., was re- 
moved with a sterile spatula before the sample was taken. The samples 
w^ere carried into the laboratory in sterile, air-tight tin containers. Ten 
grams of each sample were placed in 300 cc. of sterile tap water and shaken 
thoronghly. Dilutions were made up to 1 : 30,000. One cc. of this dilution 
was poured into a sterile Petri dish, and the plates were poured in the usual 
way. WaksinaiFs medium was used for all isolation work. 

The writer is aware that all the fungi present in the soils examined were 
not obtained, since special methods are necessary to recover several forms, 
as Rliizoetonia and Pythium. The plate method for quantitative determina- 
tions of soil fungi has its limitations, as it does not distinguish between 
spores and myeelia, It shows, within limitations, the potential fungus con- 
tent of the soils examioed. The percentages given can not, therefore, be 
eonsidered as being exact representations of the distributions of the differ- 
ent fungi but are indicative of the relative numbers of each in the different 
soils under the conditions of sampling, dilution, etc. 

1 formerly Assistaat Plant Pathologist, Colorado Agricultural Experiment Station. 

2 The writer wishes to express his appreciation to Dr. L. W. Durr ell for furnishing 
facilities for this study and for reading the manuscript, and to Dr, J. C. Gilman of the 
Iowa State College for assistance in identification of the fungi. 
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DISTRIBUTION AND ABUNDANCE OP PUNGI IN DIX*r^\I<yRENT SOIliS 

During the course of this work 31 species of fungi \V(*r(* isoia tnd. hi 
confirmation of the piwious work (3), species of Aspergillus ami INojital- 
lium were more preYalent than any other fungi isolated. 

The data in table 1 show that in proportion to the iimnhtu* of isolations 
the greatest number of fungi found in any of the soil eonditions exainivHHl 
was under red-clover plants. 


TABLE 1 . — Number of fungi m each of 13 ^ioih 


Kind of soil 

Number of 
samples 
examined 

Number of 
isolati ons 

Number of | 
speeu'H ; 

iHolab'd 

1 

Tula! imiulicp 
of fu ii^n 
isolalofl 
((-olonif's) 

Bed elover 

14 

42 

9 I 

13r.n 

Sugar beets 

26 

78 

14 

in 9 

Potato . 

30 

90 

! 10 

1114 

Wheat 

15 

45 

I 19 

629 

Plowed 

34 

102 

! 16 

61 5 

Corn 

30 

90 

1 21 


Cherry orchard 

15 

45 

’ 10 

437 

Gladiolus 

10 

30 ' 

6 

431 

Below surface (6-12 in.) 

8 

24 

10 

24:‘'l 

Alkali 

19 

57 

7 

21 8 

Wind-blown 

Below surface 

10 

30 1 

10 

196 

(3 ft.) 

To 

30 1 

4 

59 

(6 ft.) 

... 

5 

15 ! 

i 

2 

J 

24. 

It is apparent from the data in table 1 tliaf. 11 

1C Giilurc fiF ilu* 

croj) 

soil rviugi. 

or soil eonditions results in modification of the 

or 


The soils examined under such crops as laal clover, sugar Iji^ets, gladioli, 

potatoes, and wheat seam to be associated with or iniiko I'oiiditioiis rirvonibh’ 
for a relatively large population of fungi, lljulcr sneh conditions as corn 
and under cherry trees a smaller population of fungi was round. 

The second highest fimgal content was in soils producing .sugar beds. 
This agrees quite closely with the results of Starkey (0), who, examining 
soils supporting apple trees, rye, corn, sugar hects, aHall'a., arid (‘ggplant, 
found the number of fungi to be greatest under alfalfa ami second iimhn- 
sugar beets. Jasevoli (2), in Italy, found that soils diwoled fa pofalaes bad 
a higher fungus content than those producing fimit m- g,.ain. Similar iv- 

sults also were found in the work herein refiorted, nndei- eonditions in dolo- 
rado. 

The data in titles 2 and 3, as a whole, suggest that eerlain crops and soil 
conditions may affect certain groups of fungi. Cora land eonlaiiH-d 21 dif- 



Soil type nuinbera Perceatage of samples eontaining fungus I Percentage of total flora represented fly each fungus 
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f erent forms comprising’ 4 different Aspergllli and 7 different Penieillia. It 
was found that gladiolus soils contained the lowest number of different spe- 
cies of fungi, if consideration be confined to soils supporting only economic 
crops. In the samples from these gladiolus soils 6 different species of fungi 
were obtained, including 1 species each of Aspergillus and Penieillium. 
Species of Pusarium were found to be the most prevalent fungi in all 
samples taken from wind-blown soils and from soils supporting potatoes, 
gladioli, cherry trees, and wheat. They were present also in a majority of 
the samples taken from the other soil types. 

From the data in table 3 it is evident that species of Fusarinm were 
widcdy distributed, occurred more frequently than any other fungus, and 
constituted 23 per cent of the total flora found in all of the samples. Feni- 
cillium liiimicola Oudem. ranked second and Hormoclendriim cladospori- 
oides (Fr.) Sacc. third. The 8 species of Aspergillus and the 9 species of 
Penieillium outnumbered any of the other fungi isolated. 

On the succeeding pages a discussion is given of the distribution and 
abundance of fungi in the 13 different soil types examined. 

Sugar-1) eei-producing soils— The samples of sugar-beet soils were col- 
lected from different parts of northern Colorado. Some were taken near 
Loveland where the soil was white with alkali and very heavy and black; 
others, east of Greeley; and some, north of Fort Collins. 

From the 26 samples examined 14 different species of fungi were iso- 
lated. Sepedonium cJirysospermmn (Bull.) Fries was found only in sugar- 
beet soils. It was present in 11 per cent of the samples but was not 
abundant, constituting less than 1 per cent of the entire flora in these soils. 
This fungus has previously been found only twice in the soil, once in En- 
gland (1) and once in New Jersey (8). 

Species of Aspergillus and Penieillium were widely distributed in beet 
soils. Penieillium digitaium Saee. and P. expansum, (Link) Thom were 
most abundant. Pusarium was the most widely distributed fungus in these 
soils, it having been, found in 81 per cent of the samples collected. It con- 
stituted about 24 per cent of the entire fungus flora. 

(Uadiohis-gardeM soils. — The samples examined from gladiolus soils were 
taken from fields that had produced plants showing marked signs of root 
rot {Fusarmm sp.) the previous year. These fields were located about 10 
miles west of Denver, Colorado, in a district where gladioli are extensively 
grown. 

Six different species of fungi were isolated from these soils. Species of 
Fusarinm were found in all the samples examined and constituted 30 per 
cent of the entire fungus flora. Likewise, Trichoderma lignorum (Tode) 
Harz, was distributed in each sample and formed 40 per cent of the total 
number of fungi isolated. Species of Alternaria were not abundant (2 per 
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cent of the total flora) but were found in 30 per cent of the samples. Only 
one member of the genus Penicillium (P. citrinum Thom) was isolated, but 
it was generally distributed (60 per cent of the samples) and formed 38 per 
cent of the entire flora obtained. 

Gorn-producmg soils. — Samples w^ere collected in Colorado near Fort 
Collins, Loveland, Timnath, and dreeley during January and February of 
both 1927 and 1928. In one fleld the subsoil was frozen, but the surface 
layer had thawed during a warm period. None of the samples was taken 
from frozen soils. 

These soils contained more different species of fungi than any soils ex- 
amined. Twenty-one species were isolated. The total number of fungi 
found in these soils was small, averaging 6 colonies per isolation. 

Species of Fusarium were the most abundant and widely distributed 
fungi in soils supporting corn. These fungi were found in 80 per cent of 
the samples and constituted 44 per cent of the total flora. There were 7 spe- 
cies of Penicillium and 4 species of Aspergillus represented. 

Poiaio-producing soils. — The samples of potato soils were all collected 
on March 13, 1928, at Greeley, Colorado, in two different fields. Part of 
them (20 samples) were taken from a field that previously had produced a 
crop of potatoes in which a high percentage of the plants had been attacked 
by Fusarium wilt and 10 samples were obtained from a field that had pro- 
duced relatively disease-free potato plants. 

Ten different species of fungi were isolated from the 30 samples. F%- 
sariiim spp. and Penicillmm expansum were found in every sample exam- 
ined. The former constituted 25 per cent and the latter 54 per cent of the 
total flora. The other fungi found were Aspergillus glauous Link, A. niger 
van Tiegh., A. terreus Thom, Cunninghamella VGrticillata Paine, Ehizopus 
elegans Eidam, E. nigricans Ehrenb., Trichoderma lignornnij and Ilormo- 
dendrum eladosporioides. This group of fungi constituted less than 25 
per cent of the entire flora. 

More colonies of Fusarium spp., per culture, were obtained from tlie 
soil that had produced a ‘Svilt-sick^’ crop than from the soil that had x)ro- 
duced a crop of only a few affected plants. 

Cherry-orchard soils. — Fifteen samples were collected near Loveland, 
Colorado, on February 8, 1928, from two different cherry orchards. Ten 
species of fungi isolated from these soils consisted principally of Fu.sarimn 
spp. and Penicillium expansum. The former were present in all the sam- 
ples examined and the latter in 87 per cent of the samples. Fusarhmi spp. 
formed 30 per cent of the total flora, while P. expansum constituted 42 per 
cent of the total number of fungi found. The remaining fungi isolated con- 
sisted of AUernaria spp., Aspergillus niger, G-liohotrys aPboviridis v. Hoh- 
nel, Penicillium citrinum, P. digiiatum, Ehizopus elegans, Prk’/fuderiiJia 
Ugnorum, and ISorinodendrum eladosporioides. 
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^Vhea-t-produQ-ing 5 Fifteen soil samples were collected from widely 
distributed places in Colorado in fields of winter wdieat. Collections w^ere 
made at Fort Collins, Kocky Ford, Akron, and Greeley. 

Nineteen species of fnngi were isolated from tlie 15 samples of wlieat 
soils. Of this number a.bout one-third (7) consisted of species of Penicil- 
linin. Species of Fusarium w^ere found in all the samples and constituted 
23 per cent of the total flora. Species of Alternaria were found in one- 
fiftli of the samples but formed only 4 per cent of the total number of 
fungi. Species of Penicillium were widely distributed, and the following 
w^ere isolated: P. cJirysogenum Thom, P. oitrimimj P. digitafiim^ P. echina- 
tum Dale, P. expansiim, P. hiimicola Oudem., and P. 'purpurogmum 
Stoll. About 33 per cent of the soil flora consisted of Aspergillus davaius 
Desm., A. flavus Link, A. mimitus Abb., Cunningham did verticillaia, 
Mucor glomsrula (Bain.) Lendn., Phoma sp., Rliizop'iis eUgans, B. nigri- 
cans^ Trichoderma lignorimi^ and Hormodendron cladosporioides, 

Alkcdi soils, — Some of the alkali soils from which samples were taken 
Iiad only a vegetative cover of Sporobolus airoides Torr., which is indicative 
of a considerable amount of alkali in the soil. Another field supported a 
dense cover of BisUchlis stricia (Torr.) Rydb., wdiieh indicates very high 
alkali content. Nineteen samples w^ere collected from different fields all 
of 'which were high in soluble salts. 

The 57 isolations from these soils developed only 218 colonies of fungi, 
or an average of 4 colonies per isolation. This would seem to indicate that 
the presence of salts in the soil tends to interfere wdth the gro-wth activities 
of the soil fungi. Seven different species 'were isolated from the 19 samples. 
It is interesting to note that Fusarium spp. were very abundant; 63 per 
cent of the samples contained species of this fungus and constituted 24 per 
cent of the total flora isolated from alkali soils. Penicillium expans%im also 
was abundant, appearing in 58 per cent of the samples and forming 44 
per cent of the total flora. Other fungi isolated from alkali soils were: 
Aliernaria sp|)., Aspergilhts niger., Bliizopus deganSj E, nigricans, and 
J'rkdioclernia lignoruni. 

Subsurface soils (6-12 in. deep; 3 ft. dee/p; 6 ft. dee^)). — The average 
number of fungi per isolation decreased with depth ; at 6-12 in., 10 colonies 
were found; at 8 ft., 2 colonies; and at 6 ft., only 1 colony per isolation 
appeared on the agar medium. Other w^orkers, Russell (5), Paine (4), 
Tajdor (7), and LeClerg and Smith (3), have found this to be the condi- 
tion in soils below the surface. 

The samples taken at 6-12 in. show^ed that Penicillium expansum and 
Fusarium spp. were the most abundant. Other fungi found were: Asper- 
gillus fumigatiis Fr., A. glaucus, A. wG7%tii Wehm., Mucor Imsannensis , 
Lendn., Pemicilliuni eehinatum Dale, Rhizopiis 7iigricans, and TriMioderina 
Jig nor urn. 
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Four different species were isolated 3 ft. below the surface. These w^ere 
Absidia s 2 nnosa, Aliernaria spp., Fusarmm spp., and Penicillmm exiMn-- 
sum. Species of Fusarinm and Absidia spinosa were found most fre- 
quently and abundantly at this depth. 

Absidm spinosa and Fusariimi spp. were isolated at a depth of 6 ft. 
The former was most abundant. 

Wind-bloivn Soils. — Ten samples of wind-blown soils were collected 
near Akron and Sterling, Colorado, on May 1, 1928. The soil contained 
Tery little organic matter and did not have a vegetative cover. 

Species of Fusarinm were found in all samples of these soils and con- 
stituted over half (54 per cent) of the total fungi isolated. Trichoderma 
lignonim, As 2 :)ergillus clavahts, and AUernarm spp. were very abundant. 
Besides these fungi 6 other species were obtained, which included Absidia 
spinosa, Aspergillus fumigatus, Penicillmm digiiatum, PJioma spp., RJiiz- 
opus nigricans, Trichoderma lignorum, and Hormodendrum cladosporioides. 

Plowed Soils. — Sixteen different species were isolated from various 
plowed soils. The most prevalent species found were members of the genus 
Fusarinm. Penicillmm expansum and Absidia spinosa were also abundant. 
The other fungi isolated consisted of Acrotliecmm robusUim Gilm. and 
Abb., Aliernaria spp., Aspergillus clavaius, A. fumigai%is, C-unning- 
hamella verticillata, Mucor lausannensis, Penicillmm oitrinum, P. digita- 
him, P. echinatiim, Phoma spp., Ehizojnis nigjdcans, Trichoderma lignorum, 
and Hormodendrum cladosporioides. 

SUMMARY 

A study was made of the fungus flora of 13 soils of different physical 
conditions supporting different crops. Thirty-one species of fungi were 
isolated. Alkali salts tend to reduce fungus flora, although F'usariumi spp. 
were ahundant in this type of soil. 

Fungi were more abundant in planted than in nonplanted soils, such 
as wind-blown soils. 

The number of fungi was greatest in soils producing red clover. 

The only forms that occurred under all soil conditions were Fusarmm 
spp. These fungi were more abundant in soils that had produced wilt-sick 
crops of potatoes than in soils that had produced a crop of only a few 
affected plants. Likewise, they were very abundant in soils that had pro- 
duced a crop of gladioli badly affected with Fusarmm root rot. 

Species of Aspergillus and Penicillmm outnumbered any other fungi 
isolated. 

The nnniher of fungi decreased with depth into the soil. 

Department OP Botany", 

Colorado Agricultural Experiment Station,, 

Port Collins, Colorado. 
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NODULE PRODUCTION ON ETIOLATED VETCH SEEDLINGS 

J. K. Wilson 


Descriptions of the mode of entry of the legiune bacteria into the root 
tissue of leguminous plants have appeared from time to time in the litera- 
ture. They agree for the most part in details. Apx^arently, the bacteria 
produce a small colony near the apical end of a root hair. Here they 
readily effect entrance through the cell wall and mingle with the proto- 
plasm. Soon they develop an infection thread. This extends towards the 
main root. By this time, usually within one day, the root hair had en- 
larged and on certain plants become twisted. Further progress of the 
infection thread into other cells, together with increased cell division, pro- 
duces a nodule. 

In 1902 Peirce^ published an article on the root tubercles of bur clover 
and of some other leguminous plants. In this he described the infection 
of root hairs on seedlings whose roots were only an inch or so long. The 
description agreed with that that had been given for the infection of root 
hairs of other plants. From the experiments performed it was evident 
that infection occurred before the seedlings were old enough to carry on 
photosynthesis. This indicated that infection may occur without the 
stimulus of photosynthesis and that the latter may not be necessary for 
nodules to develop. 

Perhaps the reserve material in the seed sufficed to carry the seedling 
through the infection period and, if enough assimilable carbon compounds 
were available, either as reserve materials in the seed or supplied to the 
seedling, macroscopic nodules would develop in the absence of light. Defi- 
nite experiments, therefore, were started, the object being to produce 
nodules on etiolated seedlings. 

A medium in wliich to grow the plantlets contained the following: 


MgS 04 0.2 gram 

KH.PO, 0.2 

Nadi 1.0 

CaSO^ 0.1 

Powdered agar agar 15.0 grams 

CaCOa excess 

Water 1 litre. 


After the above medium was boiled for a few^ minutes 50-ce. portions 
w^ere run into test tubes 4x 16 cm. in size. These w^ere then divided into 

1 Peirce, G-. J. The root-tub ereles of bur clover (Medicago denticulata Willd.) and 
of some other leguminous plants. Calif. Acad. Sei. Proe,, Ser. 3 (Botany) 2: 295-328. 
1902. 


1083 



1084 


Phytopathology 


[VoL. 21 


lots. Eacli lot received a certain sugar in definite concentrations. The 
sugars used were dextrose, levulose, and saccharose, and the concentrations 
were 0.50, 1, and 2 per cent of each, respectively. Twelve tubes were pro- 
vided without sugar. Each was plugged and all were sterilized. 

After sterilization, but before the contents of the tubes had cooled, 
enough sterile calcium chloride solution was added to make a eoneentration 
of this salt in the medium 1/500' molecular. The contents were thoroughly 
mixed and the tubes placed in an upright position until they were cold. 

On October 6 seed of vetch, Vicia villosa Roth., were sterilized with a 
solution of calcium hypochlorite and 5 or 6 of them dropped on the surface 
of the agar medium in each tube. T'wo days later some grow^th from an 
active culture of Jthizohmm leguniinosamcm Prank was suspended in sterile 
water and a few drops added to each tube. These tubes were then placed 
in an incubator at 25° C. 

No daylight was allowed on the seedlings during the growth period but 
they were examined periodically under the electric light. Plants grown 
without access to sugar died much sooner than plants that had access to 
0.50 per cent saccharose, while those that grew where 2 per cent saccharose 
was supplied not only lived the longest hut also produced the largest plants. 
In several instances the plants grew to 30 or 40 cm. in length. All plants 
were entirely etiolated. Root development also was very good. 

It w^as evident from an occasional examination of the plant roots, which 
could be seen through the test-tube wall, that infection had occurred and 
nodules were developing on a few plants. After 36 days, when it was 
evident that many plants were drying, the test tubes were removed from 
the incubator and the plants taken from them. The roots were carefully 
examined. Plants grown without access to sugars showed very few nodules. 
Out of 40 or more plants only 1 nodule -was found. Also where levulose 
0.50 per cent concentration, w^as supplied to the plants only a single nodule 
was found. Plants with access to dextrose also failed to develop nodules 
in all the concentrations except that of 2 per cent. Here 1 plant had 2 
nodules. Plants grown with saccharose in the medium developed nodules 
in all the concentrations supplied, more being present in the 0.50 and 1 
per cent concentrations than in the 2 per cent concentration. Some plants 
that were grown in the 0.50 per cent sugar medium had as many as 4 
nodules. Figure 1 shows the appearance of the macroscopic nodules of 
etiolated vetch plants in a tube. 

This experiment has been repeated several times with the same results. 
It has also been tried with peas, alfalfa, and red clover. No nodules were 
seen on the two latter plants hut 2 nodules were found on a pea plant that 
had grown with access to 1 per cent dextrose. Many hand sections of the 
nodules from these plants were examined under the microscope. The 
iiodiilar cells were packed with bacteria. 
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Fig. 1. Etiolated vetch seedlings showing nodules on roots. G-rown for 36 days with 1 

per cent saccharose in medium. 

The foregoing observations, together with those recorded by Peirce, 
suggest that infection of leguminous plants by Rhizobium may occur before 
plio to synthesis begins and that, if suitable conditions are maintained by 
supplying a satisfactory carbohydrate to the seedling, macroscopic nodules 
may develop in the absence of light. 

Dept, of Agronomy, 

Cornell University, 

Ithaca, New York 




PHYTOPATHOLOGICiLL NOTES 

The Yincses Concerned in a Natnrdl Epipkyiotic of Streak in To- 
matoes . — While viruses and virus combinations are known which will cause 
streak in tomatoes experimentally, the identity of the viruses concerned in 
natural streak has been determined and reported in but few cases. This 
note is for the purpose of recording the viruses concerned in a natural 
epiphytotic of streak and mosaic which occurred in the horticultural green- 
house at the Kentucky Agricultural Experiment Station during the fall 
of 1930. Tomatoes have been grown in this house during the past several 
years, but no cases of mosaic developed until the past fall. One year a 
few tomato plants were found affected with the so-called healthy-potato 
virus, the source seeming to be Cobbler potatoes, growing in the house. 

Streak was first noticed about the middle of October, 1930, when the 
plants were approximately 3 ft. high. It started near one corner of a 
bench and appeared to spread gradually so that about 1 weeks later, of 51 
plants in this bench, 22 were affected with streak and 12 with mosaic. 
Several plants in the adjoining bench were affected with streak and mosaic. 
In house 2, separated only by a partition in which is a door, no streak 
developed, but mosaic was present in many plants. 

Inoculations were made to 59 Turkish tobacco plants from each of the 
51 plants in the first bench of house 1 and from selected plants in bench 2 
and in house 2. The tobacco plants, following infection, could be placed 
in 4 groups as follows : 


Healthy 15 

Healthy-potato 3 

Tobacco-mosaic 18 

Tobacco-mosaic with necrosis 23 


The healthy-potato virus was obtained from plants with a very faint 
but distinct mottle, quite typical of the disease produced when tomatoes 
are inoculated with this virus from potatoes. The disease in tobacco was 
characterized by small, eoneentric rings on rubbed leaves and necrotic ring 
and line patterns and watered-silk chlorotic patterns in the newer leaves. 
It was found only in house 1. The tobacco mosaic was obtained from 
plants having a rather severe mosaic, but no evidence of streak on the 
stalk or petioles and no leaf necrosis. Wlien dried, the virus retained its 
infectivity, indicating that it is one of the typical tobacco mosaics. It 
produced a severe mosaic in tobacco, without leaf necrosis, on rubbed 
(inoculated) and subsequent leaves. The necrotic mosaic was obtained 
from some slow-growing plants that appeared to have only tobacco mosaic 
or mosaic with some leaf necrosis and from rapidly growing plants with 
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stalk and petiole streak and leaf necrosis. Frnits on these plants developed 
no mottling nor necrosis. In tobacco, necrotic spots developed on rnbbed 
leaves in a few days, the spots gradually increasing until many of the 
inoculated leaves died. Gradually the symptoms of typical, severe tobacco 
mosaic developed in the growing point, accompanied by necrotic dots or 
small rings. These plants usually were more stunted than those with mosaic 
only. Mosaic, when transferred to tomatoes, produced mosaic only. The 
viruses obtained from mosaic and healtby-potato tobacco plants, respectively, 
produced streak in tomatoes identical with that produced by transfers from 
the necrotic mosaic-tobacco plants to tomatoes. It was shown in the fol- 
lowing ways that streak in the tomatoes and the necrotic mosaic in tobacco 
were the result of a mixture of tobacco mosaic and the potato virus. 1. A 
mixture of the two viruses, produced symptoms in tobacco and tomatoes 
identical with those produced by the virus complex from streak tomatoes. 
2. Symptoms of the healthy-potato virus could be clearly recognized in 
tobacco plants affected with the streak virus complex. 3. Transfers of the 
streak virus complex to virus-free seedling potatoes (previously tested for 
the healthy-potato virus and found free) produced stem and leaf streak 
typical of that produced by tobacco mosaic alone, but transfers to tobacco 
from potato leaves produced subsequent to inoculation resulted in only 
the concentric rings and other symptoms typical of the healthy-potato 
virus. 4. Transfers of the streak virus complex to Dahtra si7^amo7mm 
resulted in a mild mottle of the new leaves and transfers from these to 
tobacco resulted in the healthy-potato disease. Thus the healthy-potato 
virus was separated from the virus mixture and obtained pure in tobacco. 
The evidence seems to indicate that these two viruses only were concerned 
in this natural epiphytotic.^ 

As to the source of the viruses, nothing is known definitely. It is prob- 
able that they were introduced into the house independently, as tlie potato 
virus was present alone in a number of tomato plants. It is not likely that 
this would have happened if the viruses had come into the first plant to- 
gether, as tobacco mosaic is so readily spread that mechanical operations 
which would spread the potato virus would almost certainly spread the 
tobacco-mosaic virus. The fact that streak was found in one house and 
only tobacco mosaic in the adjoining house suggests that mosaic was spread 
from the first house to the second on the hands of the caretakers, probably 
while suckering, and that the potato virus was not spread in this way. 
Tomato plants out of doors were affected with various kinds of mosaic, and, 

1 Pollomng removal of tlie tomato plants in midivinter, the benches were not reset 
with tomato plants until about a month later when virus-free seedlings were set. A 
number of these became infected with tobacco mosaic, evidently from nondecomposed 
roots of the previous crop, but streak and the healthy-potato disease did not reappear. 
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as the men who handled these also handled the greenhouse tomatoes, the 
mosaic virus could have been introduced in this 'way. 

The source of the potato virus and its spread in house 1 are not so 
readily explained. Potatoes were growing within a hundred yards of the 
house, and, while we have no evidence of insect spread of this potato virus, 
yet it is possible that it may have been introduced by insects to house 1 
and spread either by man or by insects from plant to plant in this house 
before the introduction of the tobacco mosaic. Its early introduction seems 
probable, as the mottle symptoms were found well do'wn on some of the 
plants, far below those of the streak or mosaic symptoms. Another possible 
means of introduction was on the hands of the men. The early-crop po- 
tatoes, dug at the usual time, rotted in the cellar and had frequently to be 
picked over during the summer and fall. The men who did this also cared 
for the tomatoes and may have introduced the potato virus in this way. — 
W. D. Yalleau and E. M. Johnson, Kentucky Agricultural Experiment 
Station, Lexington, Kentucky. 

A Biihler Dressing for Tree Woimds . — The experimenter 'who works 
with dressings for tree wounds finds himself confronted at the outset of 
his investigation with the dual nature of the task peculiar to wound dress- 
ing. By the application of various paints he hopes to accomplish two 
distinct purposes: (1) He endeavors to preserve the heartwood against 
the attack of weather, insect, and fungus. (2) He seeks to protect the 
region loosely designated as the ‘‘cambium’^ against drying out during at 
least the initial stages of callus formation, in order to assure prompt closing 
in of the ring of growing wood and bark that is ultimately to form about 
the wound. He has thus to deal with both living and dead tissues. Appli- 
cations to living parts must be restricted to the use of more or less inert 
materials which do not penetrate the tissues deeply and which are nontoxic 
to the living cells. In dressing the inner area of the wound it is desirable 
to attempt the impregnation of the heartwood to some depth with preserva- 
tives which will be toxic to biological foes and deterrents to checking. 
Here, the heartwood being already dead, there is no question of toxicity to 
the cells. 

In general practice the ringing of the cambium region with one material 
and the painting over of the wound area within with another, while long 
recognized as theoretically sound, are seldom attempted. It is more trouble- 
some to apply two kinds of dressings than a single dressing. The entire 
cut generally is painted with a material, primarily designed (1) to preserve 
the dead tissues even though it injure the growing layer; or (2) to aid the 
growth of the callus and afford little protection to the heartwood; or (3) 
to seek a middle ground of giving reasonable protection to the dead tissues 
with a minimum of accompanying injury to the live. 
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During the past 4 years the writer tried the eifeet of a number of sub- 
stances on the formation of callus with a view to testing their merits for 
preventing the drying out of the eambiuni and for protecting it wdien 
strong chemicals are applied to the heartwood. But few of the materials 
tested proved valuable. Shellac is applicable to this purpose, being a non- 
injnrious material. It has the disadvantage of short life when not covered 
with some more permanent material, sometimes becoming useless through 
weathering after a few" days of exposure. Its protective coating is thin 
and brittle. Melted beesw^ax is another beneficial dressing for this purpose. 
It coats the surface with a reasonably thick, firm layer that neither pene- 
trates deeply nor kills the living cells. Results with it are superior to those 
obtained with shellac. Like the latter material, it becomes somewdiat brittle 
wuth age. The fact that it must be kept hot wdiile being applied is a further 
disadvantage. 

Prom a strictly theoretical standpoint, rubber wms thought to offer 
great promise for such ringing of wuunds. One w"ould expect to obtain 
by its use an elastic coating that w"ould protect the growing layer from 
toxic preservatives painted onto the heartw^ood. Some years ago the 
wTiter attempted two methods of applying rubber to tree W'Ounds: (1) 
By the cementing on wfith shellac of rubber dam similar to that used 
in dentistry and (2) by painting the surface wdth liquid-rubber compounds 
designed for the application of cold patches to inner tubes of automobile 
tires. Both methods were pronounced failures. The dam became loose, 
and the benzene used as a solvent in the liquid-rubber compound penetrated 
and injured the living cells. 

Rubber latex, ^ containing vulcanized rubber suspended in a colloidal 
state, is now available on the market. It is a wdiite liquid having much the 
color and consistency of thin cream. When the liquid is applied to a sur- 
face by means of an ordinary paint brush or a paint sprayer and alloAved 
to dry, a film of cured rubber is formed. This rubber latex wus tried last 
spring (1930) as a dressing for tree w^ounds. It was applied to exits im- 
mediately after they W'Cre made, a single coat being floived on freely with 
a paint brush. The material dried quickly and the resulting rubber film 
seemed relatively impervious, highly elastic, strongly adhesive to the wood, 
and of great tensile strength. Throughout the past growing season it has 
resisted the action of weather and the organic substances present on the 
wounds, and came through in excellent condition. In our experiments 
on about a dozen species of trees and, wdien applied under varied w^eather 
conditions, this dressing has not injured the cambium region nor retarded 
groAvth. In fact, by preventing desiccation of tissues, the production of 
callus has seemed to be somewrhat stimulated as compared with that of 

iTMs eompouiLd is sold under the name ''Vultex'' by the Vultex Corporation of 
America, 708 Main Street, Cambridge, Mass. 
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untreated wounds. Besides tlie excellent results given by the material, its 
cost is reasonable and it is easily applied with a brush or a sprayer without 
any previous treatment or heating. It may also he used when the tempera- 
ture is below freezing. The lowest temperature at which it was used by 
the writer was 19° F. It was not affected by this temperature. 

’With the availability of a material so well suited to the task of ringing, 
it is probable that double dressing will become increasingly popular and 
possibly largely replace single dressings for use on large wounds. The 
writer does not seek to suggest that the use of this latex be restricted to 
the ringing of cuts. It already has given most excellent results in the 
treatment of small wnunds. It has proved its merit, when promptly ap- 
plied, for the dressing of large superficial wounds due to barking, a type 
of injury frequently inflicted on street trees by automobiles. It holds 
promise for any who might care to test its application to the various pro- 
cesses of budding and grafting. 

This rubber compound warrants inclusion in the trials of all who are 
investigating the subject of wound dressings for trees. It justifies further 
experimentation with double, or ringed, dressings despite the increased cost 
and bother their use occasions. It is a material for which the research of 
the horticulturist, pathologist, and physiologist may find considerable ap- 
plication. — Bush P. Marshall, Division of Forest Pathology, Bureau of 
Plant Industry, in cooperation with Osborn Botanical Laboratory, Yale 
University. 

Fseudomonas pnnicola and Bacterium citriputeale.—The bacterial dis- 
ease of stone fruit trees, caused by Ps. primicola, recently described from 
Britain, has many of its cultural characteristics identical with those of 
citrus-blast or black-pit caused by Bact. citriputeale. The writer, through 
the courtesy of Dr. Wormald,^ secured a culture of his Prunus organism, 
Ps. iJi^unioola. Its growth on dextrose-potato agar resembles closely that 
of the citrus-blast organisni, and inoculations by it through wounds 
ill nearly ripe lemon fruits that were kept in a moist chamber produced 
within 10 days typical black pit-like lesions identical in appearance with 
those that have been produced with the citrus-blast, lilac, and Prunus 
organisms that have been isolated from California material.^’ It seems that 
Ps. pruwicola is apparently very similar to, if not identical with, the lilac 
organism, Bact. syringae, with the citrus-blast organism, Bact. citriputeale, 
and with the Prunus organism, Bact. cerasi, as reported from Oregon and 
California. — Clayton 0. Smith, University of California, Graduate School 
of Tropical Agriculture and Citrus Experiment Station, Riverside, Cali- 
fornia. 

iWonnakl, IT. Bacterial disease.^ of stone-fruit trees in Britain. II. Ann. Apj)!. 
Biol. 17: 725-744. 1930. 

2 Smith, Clayton O., and Howard S. Fawcett. A comparative study of the citrus 
blast bacterium aud some other allied organisms. Jour. Agr. Res. 41: 233-246. 1930. 




BOOK EEVIEW 


Soratier, Paul. Ilandbuch der Pflanzenkrankheiten^ Band II, Fiinfie 

Anflage, Herausgegeben you Dr. 0. Appel, Dr. Paul Graebner, und 

Dr. Tj. Eeli. 758 pp. Paul Parey, Berlin. 1928. 

As pointed out by Dr. Appel in tbe introduction to this Yolume, 
Sorauer^s Handbueli has become not only one of the classics in plant 
pathology, but the successive editions mirror in a unique way the progress 
of the science. The preponderating emphasis on predisposition and non- 
par asitic diseases in the earlier editions and the increasing emphasis on 
parasitic diseases and pathogens in the later ones reflect to some extent 
the transition from the autogenic to the pathogenic theory of the cause of 
plant disease, although the influence of environment on the development of 
diseases is by no means neglected in the last edition. Indicative of the 
progress in knowledge is the fact that the first 295 pages of volume 2 of 
this 5th edition are devoted to bacterial diseases, whereas in the 4th edition 
only 86 were devoted to this subject. 

The book is divided into two parts: the first deals with diseases caused 
by bacteria, and the second with those caused by Myxomycetes, Phycomy- 
cetes, and Ascomycetes. 

The section on bacterial diseases is thoroughly done. Following an in- 
troduction, in which certain generalities and principles are discussed, there 
is a classification of bacteria according to Migula^s System. The diseases 
are then grouped according to orders of host plants. This arrangement 
has certain obvious advantages and disadvantages, although, in the case of 
bacterial diseases, the former outweigh the latter. The disease symptoms 
are thoroughly, sometimes almost minutely, described, the historical sum- 
maries are useful, the organisms are described in detail, and the pathologi- 
cal anatomy, contributing factors, and economic importance and control 
measures are discussed in some detail for the most important diseases. The 
section is an excellent compilation of our knowledge of bacterial diseases 
up to 1926; the important literature, for the most part, has been summar- 
ized and evaluated with judgment and skill. The references are given in 
fnotnotes, which are convenient in reading, hut have the disadvantage of 
not presenting an easily available bibliography. The section is a very com- 
mendable and nsefiil summary, written in a style that should not be difScult 
for English-speaking scientists with a fairly good knowledge of German. 
The principal criticism, in my opinion, is the lack of adequate headings. 
For example, one finds on page 121 the heavily leaded center head, ''24. 
Baltteriosen der Eosaeeen.” The description of diseases of this group ex- 
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tends to pa,ge 159, but the absence of headings may prove meonvenidat for 
a busy reader. ■ 

111 Part II the diseases caused by slime molds, Phycomycetes, and Asco- 
mycetes are discussed. The arrangement is according to the taxonomic 
position of the pathogens. There is a certain lack of uniformity in treat- 
ment and viewpoint, as would be expected from the fact that different sec- 
tions were prepared by different contributors. In general, one is impressed 
by the comprehensiveness of mycological and pathological information pre- 
sented, although in certain sections the mycological viewpoint seems to pre- 
dominate over the pathological. This probably is almost unavoidable in a 
book of so wide a scope, where an attempt is made to mention, briefly at 
least, virtually all pathogens. The mycological proglems involved are, of 
course, also sometimes puzzling and the attempt to elucidate them is com- 
mendable, although the strictly pathological phases are only rather briefly 
discussed in a few instances. In general, the balance between various 
phases is good. The headings in Part II are helpful, and, for the most 
part, well arranged. 

Mechanically, the book is good. It is printed on good paper; the type 
is clear; the illustrations are mostly good, although a few more, illustrating 
certain diseases, would be helpful; and typographical errors are no more 
numerous than would be expected. 

The prodigious amount of work required in compiling a book of this 
kind would cause a critic to be lenient, even if there were more in the book 
to criticize adversely. Those responsible for the book deserve rich credit, 
not only for bringing together in one volume such a tremendous amount of 
widely scattered information but also for excellent perspective in tlie 
treatment of the material. — B. C. Stakman, University Farm, St. Paul, 
Minn. 
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"Warner Jackson Morse came to the Maine AgriciTltiiral Experiment Sta- 
tion in 1906 to head the Department of Plant Pathology. In 1921 he be- 
came Director of the Experiment Station and he still held this title at the 
time of his death on the twenty-fifth of March, 1931. 

During his qnarter-of-a-centnry residence in Maine, I knew him as col- 
league, friend, and neighbor and, for the last decade, as an official superior. 
Because of this long acciiiaintanee, I have been asked to write this sketch. 

To speak appropriately of Doctor Morse is to speak informally and with 
simplicity. He drove one day, a few years ago, into the country cemetery 
across the river from his home. His glance sought the hills in the far dis- 
tance, and he said to his wife, ^^This is good enough for me.^’ It was fitting 
that his words were remembered and that, when the time came for them, his 
last rites were observed in the town of Orono, which had been his dwelling 
place for about twenty-five years. 

Perhaps lack of ostentation is natural to the country bred. In keeping, 
certainly, with the associations of his early life, were his later occupations. 
This man was always at heaid a farmer. The products of the soil interested 
him. The subjects that he taught, as a young man, were botany and bac- 
teriology. Later, his research work was concerned with the diseases of 
plants to the end that the health of certain crops might be safeguarded. 
Obviously, his earnest interest in agricultural matters, from practical as 
well as from experimental asioeets, contributed significantly to his economic 
service to Maine. 

Outdoor interests were the background also of his recreational pursuits. 
He found keen pleasure in working in his vegetable and flower gardens. 
He made a squirrel welcome to picnic luncheons on the ledge of his office 
window. Bluebirds and tree swallows nested in boxes he made and placed 
for them on the trees about his home. He planted bushes that grosbeaks 
might enjoy their fruit. And, of all the books that he read during his long 
illness, perhaps none gave him greater enjoyment than ''Jack Miner and 
the Birds.” 
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Although interest and industry are necessary to the soi^t of success 
achieved by Doctor Morse, they are not in themselves sufficient. Tenacity 
of purpose, too, is a requisite,* and this he had. 

And, since he headed the Maine Agricultural Experiment Station dur- 
ing those most meager years immediately preceding the Purnell appropria- 
tions, his conservativeness stood the institution in good stead. Indeed con- 
servatism might well he indicated as one of his outstanding qualities. The 
known and the tried made a much stronger appeal to him than the new and 
the untested. He never forgot an old friend. An interest account in a 
stable savings bank outweighed any temptations to invest in stocks and 
bonds. And these same tendencies, characteristic of his personal aifairs, 
indueneed his official attitude. 

Thus, under his direction, new^ departments, new lines of research, new 
projects were ventured upon,* but only when he became convinced of their 
importance and significance. 

His conservatism, how^ever, could not he interpreted as a concession in 
quality. For it was only the best that appealed to him — whether in the 
choice of tools and mechanical devices for his personal use or in sanctioning 
standards and ideals in his professional and official capacities. 

In keeping wuth his other sturdy qualities was his unvarying honesty 
and mdiseriniinating justness. No one associated with liiiii as colleague or 
subordinate had reason to feel unfairly treated. There was no dex)artment 
or investigator favored at the expense of another. 

Warner Jackson Morse was born in Waterbury Center, Veimiont, Octo- 
ber 30, 1872. He was the son of Daniel Jackson and Jane (McKee) Morse. 
In 1898 he married Mary Leland, of Johnson, Vermont, who survives him, 
as does their daughter, Ruth Morse Burbank. Surviving him also are two 
sisters, Mrs. Ida Grout, of Waterbury, Vermont, and Mrs. Mae Heath, of 
Chautauqua, New York. 

He was graduated from the Johnson (Vermont) Normal School in 1893. 
From the University of Vexmiont he received the earned degrees B,S. in 
1898 and M.S. in 1903. The same institution bestowed upon him the lion- 
orary degree Sc.D. in 1923. He pursued his doctorate 'work at the Univer- 
sity of Wisconsin, where he took his Ph.D. in 1912. 

He was a teacher of natural sciences, Montpelier (Vermont) Seminary, 
1899-1901. At the University of Vermont he wms instructor of botany, 
1901-1905, and assistant professor in bacteriology, 1905-1906. He was 
also assistant botanist at the Vermont Agrieultnral Experiment Station 
from 1901 until 1906, when he came to the sister institution in Maine. 

He was a member of Sigma Xi, Phi Kappa Phi, Kappa Sigma, Alpha 
Zeta, The American Phytopathological Society (charter member), and the 
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Botanical Society of America, and fellow pf tlie American Association for 
the Advancement of Science. He was a Mason. 

His piilolislied papers total more than fifty titles. 

University oe Maine, 

Orono, Maine. 
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FURTHER STUDIES ON THE FUNGICIDAL EFFICIENCY OF 
CHEMICAL DUSTS CONTAINING FURFURAL 
DERIVATIVES 

J. J. WiLSDNl AND’ C. S. BeDDYS 
INTRODUCTION- 

Organic-mercury compounds haying a furan ring were found by the 
junior writer,^ in 1927, to be applicable as dust fungicides for the control 
of the dry-rot seedling blights of corn. The favorable preliminary results 
led to a more intensive study to determine what methods of preparation 
and wdiat concentrations of the organic-mercury compounds w^ere most 
beneficial in the control of three seed-borne diseases of corn. Laboratory 
and field experiments were conducted in 1928 and 1929 for these purposes 
and to determine further the merits of certain laboratory biological tests by 
correlating laboratory and field results. 

COMPOUNDS STUDIED 

The structural formulae of these organic-mercury compounds having 
the furan ring are not yet fully understood. Their methods of preparation 
have been described in a previous paper by the junior writer."^ For con- 
venience in subsequent discussion they are divided into three groups. 

(A) E2C. The reaction product formed as precipitate when a solution 
of mercuric cliloride is stirred into a furfural solution previously 
subjected to the Cannizzaro reaction and to which ammonia has 
been added. 

(B) E4. The reaction product formed as a precipitate wdien a solu- 
tion of iiier curie nitrate is stirred into a furfural solution pre- 
viously subjected to the Cannizzaro reaction. 

( C) 01. The. reaction product formed as a precipitate when solutions 
of niereuric chloride and ftirfuramide are stirred together. Either 
al(M)h()I, acetone, or aqueous solution of ammonium chloride is 
uscfl as the solvent for the mercuric chloride and furfnramide. 

Tlie resiiltrint precipitate of each of the three groups w\as dried, finely 
ground, and mixed with, talc as a filler. In this manner a number of fungi- 

Eeseareli Fellow, Crop Protection Institute, 1928, on utilization of furfural prod- 
ucts as seed dLsiufectaiits, stationed at tire Plant Pathological Laboratories, under the 
direction of Dr. I. E. Melhiis, Iowa State College, Ames, Iowa. 

2 Assistant Chief of Botany and Plant Pathology Section, Iowa State College, Ames, 
Iowa. 

Reddy, C. S. Fungicidal efficiency of chemical dusts containing furfural deriva- 
tives. Phytopath. 20: 147-168. 1930. 

r Loe. cit. 
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cidal dusts having different concentrations of the toxic agents were pre- 
pared. These experimental dnsts are designated by numbers and the na- 
ture of the organic-mercury precipitate may be identified by the symbol 
E2C, Gl, or E4. 

In order to find out whether or not these fungicides could be manu- 
factured without difficulty or excessive cost, all of the B2C and G1 dusts, 
used in 1928, were prepared by the Miner Laboratories, Chicago, Illinois. 

LABORATORY EXPERIMENTS — ^1928 

The number of fungicidal dusts prepared was much larger than could be 
given field experimentation and had to be reduced on the basis of data 
secured from laboratory experiments. The importance of these prelimi- 
nary tests was plainly evident. Unless there was a high correlation be- 
tween the laboratory and field results, the most beneficial dust fungicide 
might be discarded without field trial. Previous experiments had shown 
that the visible-root sand-culture method devised by Ealeigh^’ had merit 
in selecting dusts that combined high fungicidal value with little or no 
injurious effect upon living corn-plant tissues. This method was used in 
these experiments and later was varied to overcome some of the difficulties 
of its manipulation. The variation consisted in the use of dairy cups in 
place of the crystallization dishes. This permitted any slight excess of 
water to drain through holes punched in the bottom of the cups. Also, 
when dairy cups were used the seed was placed midway rather than on 
the bottom, where it was thought soluble toxic agents might accumulate. 
Wherever this preliminary method is used, it is designated the dairy-cup 
sand-culture method. 

A detailed study of the E2C, 61, and Ed compounds required that vari- 
ations in the method of preparation and in the amount of the organic- 
mercury precipitates be made and tested. 

One hundred and forty kernel lots of a standard variety of dent corn 
known to be highly infected with Diplodia zeae (Schw.) Lev. were treated 
wdtli each of 12 E2C, 43 61, and 2 E4 dusts. Seven replications of 20 
kernels of each seed-treatment lot were planted in crystallization dishes. 
These dishes were 10 cm. in diameter and 5 cm. deep. Washed river sand 
was used to cover the corn to a depth of 4 cm. The cultures were held 
at 18° to 22° C. and the soil moisture was maintained near 75 per cent of 
saturation. 

After 12 days' growth, the plants were washed free from sand and 
weighed, and the growing plants and lesions caused by Diplodia were 

5 Raleigh, W. P. A preliiiiiiLary method of measuring the relative efficiency of seed 
corn disinfectants. (Abst.) Phytopatli. 18; 14D. 1928. 

s Infection studies of Diplodia zeae (Schw.) Lev. and control of seedling blights of 
corn. Iowa Agr. Exp. Sta. Res, Bui. 124. 1930. 
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eoiiiited in each treatment and clieek. Prom these data the average green 
weight per plant and the percentage of plants with lesions were conipnted 
for each seed treatment. An arbitrary method of expressing the relative 
value of each treatment was obtained by squaring the total green weight 
and dividing by the number of growing plants. In this way the value was 
determined by a combination of individual and total plant weights. 

The interpretation of the biological response in such laboratory tests 
involves a study of the fungicidal effectiveness of the dust and the physio- 
logical action of the treatment on the growth of the corn seedling. Care 
was taken in the study of each individual dust to determine whether or not 
depressing effects were produced on plant growth. In measuring the 
fungicidal efficiency of the dusts, which were selected to be used in the 
field trials, low lesion counts were not considered sufficient, but were used 
in conjunction with green weight and number of living plants. 

Table 1 shows the results obtained in laboratory trials with 12 E2C 
dusts. The treated seeds produced in every instance a lower percentage of 
plants with lesions and a higher relative value for total green w^eight than 
seed not treated. The data also show that the plants from seeds treated 
with E2C dusts dried at 20° to 24° C. had higher lesion counts than those 
treated with E2C dusts dried at 90° C. This probably was due to the more 
resinous nature of the E2C precipitate when dried at the lower tempera- 
ture. Resinous precipitates are often difficult to grind and mix with tale 
and such difficulties may cause dust fungicides to have poor physical prop- 
erties, resulting in a reduction of fungicidal efficiency. E2C Nos. 8 and 11 
were selected for field trials. These 2 dusts had equal relative values and 
showed low percentages of plants with lesions. 

Five different G1 precipitates were made by varying the proportions 
of furfuramide and mercuric chloride and by using different solvents. 
Prom these precipitates 43 different dust fungicides were made by varying 
the amount of talc filler. 

Laboratory experimental results of these 43 61 dusts, as shown in tables 
2 and 3, indicate that the variation in the quantity of furfuramide or mer- 
curic chloride produced no marked effect. There were, however, differences 
in the resinous character of the resultant precipitates, which had to be taken 
into consideration in the final selection of the dusts. The lower concentra- 
tions of the 61 precipitate gave poorer control of the disease and, therefore, 
were associated with higher lesion counts. Without exception, all concen- 
trations of the 61 precipitate had some fungicidal value because the per- 
centage of plants with disease lesions was lower and the relative value higher 
in all of the treatments than in the checks not treated. 

On the basis of the data presented in tables 2 and 3, 61 dusts Nos. 13, 
50, 51, 53, and 61 were selected for field trial. Number 13 contained 
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a Tlie low relative value of Merko in comparison with the other commercial dusts is prohahly due to overwateriiig two cul- 
tures ill the Merko series. 
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approximately tlie same concentration of toxic agent as the G1 dust used 
in 1927. Numbers 50, 51, and 53 represent different concentrations of G1 
prepared by using ammonium chloride as the solvent. Number 61 vas 
chosen because the precipitate was not resinous and could be ea.sily ground 
and mixed with a talc filler. Three different concentrations of No. 61 were 
made up in large quantities for field trials. The concentrations were made 
to approximate as closely as possible dusts Nos. 30, 36, and 41. These 
last 3 dusts had high relative values but were not easily prepared because 
of difiSeulty in grinding the precipitate. 

The laboratory data on 14 fungicidal dusts selected for 1928 field experi- 
mental study are summarized in table 4. 

LABOBATOEY EXPERIMENTS 1929 

In 1929 a study was made of the relative fungicidal effieiencj^ of G1 in 
concentrations of 3, 4, and 5 per cent of the toxic agent, mercury furfur- 
amide. G1 dusts of these three strengths were compared with Merko in 


TABLE 0 . — La^ovaiory data on emergence, disease lesions, and relative- weight value 
obtained hy ireaimg 2 lots of Diplodia-mfccied seed corn with dust 
Nos. 61, 611), Sterocide, and Merlco. Ames, Iowa, 1929 


Dust No. 

1928 Diplodia-infeeted seed 

1 

Growing 

plants 

Green 

plant 

weight 

Belative 

value 
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son with 
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value 

Plants 

with 
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Numher 

grams 


Per cent 

'Per cent 

(Gl-5%) 






61 

79 

165 

344 

100 

13.3 

(Gl-3%) 






6Xh 

77 

162 

341 

99 

15.0 

(Gl-4%)a 

78 

159 

324 

94 

12.2 

Merko 

78 

160 

328 

95 

8.0 

Clieck (not treated) 

65 

125 

1 

238 

69 

35.0 


1927 Diplodia-iiifeeted seed 


(Gl-5%) 

61 

90 

179 

356 

92 

1.1 

(Gl-3%) 

61h 

87 

175 

352 

91 

4.5 

(Gl-4%)a 

88 

176 

352 

91 

2.0 

Merko 

87 

184 

385 

100 

0.0 

Check (not treated) 

86 

159.5 

294 

76 

13.8 


Sterocide Average of 9 lots. 
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iaboratory trials on 2 different lots of Diplodia-infeeted seed corn. Tlie 
dairy-eiip sand-cnlture metlaod was used in making the laboratory biologic 
tests. Six replications of 15 kernels were planted from both seed lots after 
being treated by the 4 dusts. The 3 and 5 per cent concentrations of G1 
were dusts Nos. 61 and 61b of the 1928 experimental series. The 4 per 
cent concentration of G1 is the commercial form placed on the market in 
1929 and known by the trade name, Sterocide. The laboratory data from 
9 individual lots of Sterocide (4 per cent toxic agent) were averaged, and 
these data are compared in table 5 with data from dust No. 61 (5 per cent 
toxic agent), No. 61b (3 per cent toxic agent), and Merko. 

All 4 dust seed treatments (data in table 5) produced a decided increase 
in the weight of the plants and a reduction in the percentage of plants with 
lesions. Seed treated with dust No. 61b (3 per cent toxic agent) produced 
a higher percentage of plants with lesions than seed treated with No. 61 (5 
per cent toxic agent) or Sterocide (4 per cent toxic agent). The data 
indicated that 61b was possibly a little too weak in fungicidal action. 

field experiments 

In order to determine the reliability of the laboratory methods used in 
measuring the fungicidal efficiency of seed-corn dust fungicides, field trials 
were conducted with the dusts selected in the 1928 and 1929 laboratory 
experiments. 

Field experimenis-~-1928. The 10 best E2C, Gl, and E4 dusts selected 
in laboratory trials and 3 commercial dusts (summary of results in table 4) 
were used in seed-treatment experiments on 2 different lots of diseased seed 
corn and a lot of nearly disease-free seed corn. All 3 lots of seed corn were 
selected by an individual ear sand-tray-germinator test of a high-yielding 
local strain of Reids Tellow Dent Corn. One of the 2 lots of diseased seed 
corn was infected with Diplodia zeae and was selected from ears showing 
large infected xones with viable kernels. The other lot of diseased seed was 
infected with galla7ntm Moll, and was selected from ears having 

Amiable kernels with adhering Basisporium spores. The nearly disease-free 
seed was secured from sound ears that were germinator-selected to eliminate 
practically all diseased kernels. 

The diseased seed corn was used to measure the relative fungicidal 
efBciency of the different dusts and the nearly disease-free seed corn was 
used to detect any injurious effect caused by the different dusts on the 
groAvth of the plants. Field stand and acre yield were used to measure 
these tAvo factors. 

Thirty hill plots, replicated 10 times, were used for testing each dust 
treatment and repeated for each of the 3 different seed lots. Seed not 
treated Avas included as checks in each replication. The rate of planting 
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was 2 kernels per kill in all plots except those planted with Basisporinm- 
infected seed in which the rate was 3 kernels per hill. The kernels for each 
hill were counted and planted by hand. 

The plots were planted May 5 in order to subject the seed to any possible 
cold weather and unfavorable growing conditions that might accompany a 
moderately early planting. This aim, however, was not realized because the 
season of 1928 proved unusually mild in temperature. The seed germinated 
quickly and the plants made a rapid, continued growth. The seed-treat- 
ment plots were cultivated throughout the season in the same manner as a 
regular field of corn. After the first and second cultivation, all plants cov- 
ered by the plow were uncovered to prevent a mechanical loss in stand. 

TAg efeoi of different dusts on stand. The field-stand data presented 
in table 6 were taken 3 weeks after planting. On nearly disease-free seed, 

TABLE 6 . — Field stands from nearly disease-free j Basisporium-infeeted, and Diplodia- 
infected seed corn not treated and treated with 10 dusts containing 
organic mercury with a furan ring and three com- 
mercial dusts. AmeSj Iowa, 1928 


Dust No. 

Nearly disease-free 
seed 

Basisporium- 
infected seed 

Diplodia-infected 

seed 

Stand 

Increase 

or 

decrease 

Stand 

Increase 

or 

decrease 

Stand 

Increase 

or 

decrease 

Check (not treated) 

Per cent 
91.67 

Per cent 

Per cent 
70.67 

Per cent 

Per cent 
62.67 

Per cent 

8 (E2C) 

89.26 

-2.63 

70.00 

- .73 

68.00 

+ 5.81 

11 (ESC) 

92.04 

+ .40 

71.89 

+1.33 

70.84 

+ 8.90 

13 (Gl) 

87.50 

-4.55 

72.34 

+1.82 

76.00 

+14.53 

61a (Gl) 

90.39 

-1.40 

71.67 

+1.09 

72.84 

+11.80 

61 (Gl) 

91.17 

- .54 

74.45 

+4.12 

69.84 

+ 7.81 

61b (Gl) 

89.84 

-1.99 

73.23 

+2.79 

74.00 

+12.35 

65 (Merko) 

91.67 

-1.63 

70.34 

- .36 

76.00 

-hl4.53 

67 (F13) 

90.34 

-1.45 

74.78 

+4.48 

70.50 

+ S.54 

50 (G13) 

90.34 

-1.45 

74.89 

+4.60 

76.50 

+15.75 

51 (G13) 

93.17 

+ .54 

75.56 

+5.33 

70.50 

+ 8.54 

53 (G13) 

90.50 

-1.28 

73.56 

+3.15 

73.137 

+11.99 

58 (E4) 

91.34 

- .37 

74.12 

+3.76 

74.84 

+13.26 

63 (Semesan Jr.) 

91.00 

- .73 

73.34 

+2.91 

73.(37 

+11.99 

64 (Bayer Dust) 

91.00 

- .73 

71.56 

+ .97 

70.34 

+ 8.3f3 


2 treatments, Nos. 8 and 13, reduced the stand sufficiently to indicate injury. 

Both dusts contained a high concentration of the active precipitate. Dust 
iSo. 8 reduced the stand 2.63 per cent, and No. 13, 4.55 per cent. Percentage 
increases or decreases in the other 12 dust treatments were relativelj’ small. 
Dust treatments of Basisporium-infected seed with Nos. 67, 50, and 51 
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increased the stand more than 4 per cent and treatments with Nos. 61 and 
58 were nearly as efficient in increasing the stand. 

Significant increases in stand were secured by treatment of Diplodia- 
infected seed corn. The treated seed produced 5.81 to 15.75 per cent more 
plants than the checks (not treated). 

Under these favorable conditions for corn growth, such increases in the 
percentage of stand from seed treatment are secured only on badly diseased 
seed. Continued unfavorable weather, at the beginning of seed germina- 
tion, usually results in much larger increases in stands. 

Yields oliained. The plots were harvested during the last week of 
October. The corn was exceptionally well matured and dry. Acre yields 
of ear corn (75 lbs. per bu.) from the 3 different seed lots were computed 
for 10 replications of each treatment and cheek. 

Table 7 shows that treatments of nearly disease-free seed corn produced 


TABLE 7 . — Acre yields of field 'plots pla-nied 'with nearly disease-free seed corn treated 
'With 10 d'lists having iE2C, Gl, and JEd as their toxic agents and 4 commercial 
dusts. Ames, loioa, 19 2 S 


Dust No. 

Acre yield 

Increase or 

Odds'i 

Not treated 

Treated 

decrease 

8 (E2C) 

69.2 

69.8 

Bushels 

+ 0.6 

1: 1 

11 (E2C) 

69.2 

70.4 

+ 1.2 

1: 1 

13 (dl) 

69.2 

68.8 

-0.4 

1: 1 

Ola (Gl) 

68.4 

70.7 

+ 2.3 

6: 1 

61 (Gl) 

68.4 

71.6 

+ 3.2 

49: 1 

61b (Gl) 

68.4 

71.0 

+ 2.6 

6: 1 

65 (Merko) 

67.7 

68.1 

+ 0.4 

1: 1 

67 (FIS) 

67.7 

71.0 

+ 3.3 

252 : 1 

50 (Gl) 

67.7 

70.6 

+ 2.9 

11:1 

51 (Gl) 

67.7 

70.0 

+ 2.3 

29: 1 

53 (Gl) 

68.8 

69.0 

+ 0.2 

1: 1 

58 (E4) 

68.8 

70.5 ■ 

+ 1.7 

4: 1 

63 (Semesan Jr.) ... 

68.8 

72.4 

+ 3.6 

171:1 

64 (Bayer Dust) ... 

70.1 

71.1 

+ 1.0 

1: 1 


Student metliod. 


no outstanding increases in yield. Dusts Nos. 67, 63, and 61 increased the 
yield slightly over 3 bushels and the odds were significant. Only 1 dust, 
No. 13, produced any decrease in yield and this was not significant. (Odds 
1:1.) These data indicate that no injury has been caused by seed treat- 
ment. 

The yield data from the field plot planted with Basisporium-infected 
seed are presented in table 8. It will be seen that no significant odds were 
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TABLE 8 . — Acre fields of field plots planted with Basisporium-inf ected seed coryi treated 
with 10 dusts having BSC, Gl, and B4 as their toxic agents and 4 commercial 
dusts. Ames, Iowa, 192S 


Dust No. 

Acre yield 

Increase or 

Oddsii 

Not treated 

Treated 

decrease 

8 (E2C) 

j 79.6 

74.1 

Bushels 

-5.5 

9: 1 

11 (E2C) 

i- 79.6 

78.2 

-1.4 

2; 1 

13 (Gl) 

i 78.3 

79.4 

4-1.1 

2: 1 

61a (Gl) 

1 78.3 

79.6 

-HI.3 

2: 1 

«i (ei) 

78.3 

80.2 

+ 1.9 

5; 1 

61b (Gl) 

77.1 

81.6 

+ 4.5 

11: 1 

65 (Merko) 

77.1 

79.0 

+ 1.9 

4: 1 

67 (P13) 

77.1 

78.5 

+ 1.4 

2: 1 

50 (Gl) 

77,1 

79.4 

+ 2.3 

5: 1 

51 (Gl) 

79.0 

82.9 

+ 3.4 

6: 1 

53 (Gl) 

79.5 

79.7 

+ 0.2 

1: 1 

58 (E4) 

79.5 

81.5 

+ 2.0 

8: 1 

63 (Semesan Jr.) ... 

81.6 

78.0 

-3.6 

15: 1 

64 (Bayer Dust) ... 

81.6 

82.0 

+ 0.4 

1: 1 


« Student method. 


secured in the increase in yield from seed treatment of Basisporiuni-infected 
seed corn. The greatest increases in yield were secured with dusts Nos. 
61b and 51. Both dusts contained a low percentage of organic mercury. 
Dusts Nos. 8, 11, and 63, each of which contained a high percentage of 
organic mercury, decreased the yields. 

The 3 deld from the field plot planted with Diplodia-infeeted seed are 
presented in table 9 in which it is shown that outstanding increases in yield 
resulted from treatments of Diplodia-infeeted seed corn. Dust No. 65 in- 
creased the yield 15,1 bu. per acre. It Avas nearly equaled by dust No. 50, 
Avhich increased the yield 14.4 bu. per acre. Dusts Nos 65 and 50 gaAT" 
odds of 4,999 to 1. No, 61 increased the yield only 2.5 bushels, but 61a and 
61b increased yields more than 11 bu. per acre. This seems to sIioav that 
the relative rank of No. 61 AA^as below its deseiwed position. 

These results indicate that a fungicidal efficiency of practical value is 
present in the dusts containing E2C, Gl, and E4 precipitates. 

Ill order to compare the dusts containing the furan ring AAuth the other 
dusts (3 of the 4 being comniereial dusts), the dust treatments Avere ranked 
on the basis of increases in acre yield in each of the 3 field plots. It was 
found that seed treatments containing the furan ring occurred twice in the 
4 highest in 1 experiment (Table 7), 4 times ont of 4 in another (Table 8), 
and 3 out of the 4 times in the other field experiment (Table 9), 



1931] Wilson and Eeddy: Studies op Fuefueal Deeivativbs 


1111 


TABLE 9 . — Acre yields of field plots planted with Diplodia-infected seed corn treated 
with 10 dusts having 6ri, and as their toxic agents arid 4 conwiercial 

dusts. Ames, Iowa, 1928 


TVimt X'a 

Acre yield 

Increase or 

Odds^i 


N ot treated 

Treated 

decrease 

8 (E2C) 

52.6 

57.8 

Bushels 
+ 5.2 

15: 1 

1.1 (E2C) 

52.6 

65.0 

+12.4 

29: 1 

13 (Grl) 

54.6 

66.3 

+11.7 

lllD: 1 

61a (Gl) 

54.6 

66.0 

+11.4 

49: 1 

61 (Gl) 

54.6 

57.1 

1 2.5 

4: 1 

61b (Gl) 

52.0 

63.7 

+11.7 

216: 1 

65 (Merko) 

52.0 

67.1 

+15.1 

4999:1 

67 (F13) 

52.0 

61.9 

+ 9.9 

216: 1 

50 (Gl) 

52.0 

66.4 

+14.4 

4999 : 1 

51 (Gl) 

54.5 

62.0 

+ 7.5, 

61: 1 

53 (Gl) 

54,5 

63.3 

+ 8.8 

262: 1 

58 (E4) 

54.5 

64.2 

+ 9.7 

100: 1 

63 (Semesaix Jr.) 

57.1 

67.6 

+ 9.5 

54: 1 

64 (Bayer Dust) 

57.1 

61.4 

+ 4.3 

5: 1 


“ Student method. 


Field experiments — 19^9. The same concentrations of G1 studied in the 
laboratory experiments, namely, 3, 4, and 5 per cent of mercury fnrfnr- 
amide, were tested for fungicidal efficiency in field plots. One lot of seed 
corn infected with Gilherella smiMneiti (Mont.) Sacc. and the other in- 
fected with Diplodia zeae were used in seed-treatment experiments with 
dusts NOkS. 61 (G1--5 per cent), 61b (61-3 per cent), Sterocide (Gl-4 per 
cent), and Merko. 

Six replications of 30-hill plots were planted on May 4 with seed corn 
treated wdth each dust. The method of planting was similar to that used 
in the 1928 field trials except that all plots were planted 2 kernels per hill. 

Effect on stand. The season ^vas less favorable for corn growth than in 
1928, as was shown by the lower percentages of living plants in the 1929 
plots. 

The field stands following seed treatments with dusts Nos. 61, 61b, 
Sterocide, and Merko upon Diplodia-infected seed corn and Gibherella- 
infeeted seed corn are presented in table 10. 

Diplodia-infected seed corn treated with dust No. 61b (Gl-3 per cent) 
has the lowest percentage of stand. The plants in the laboratory trials 
treated with this same concentration of G1 also had the highest number of 
lesions. In the same experiments dust No. 61 (Gl-5 per cent) consistently 
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TABLE 10. Field stands from Biplodia-infecied and Gihlerella-infeoied seed corn 

treated with dust Nos. 61, 611), Sterocide, and Merlco, Ames, Iowa, 19^9 


Lust No. 

1 Diplodia-infeeted seed 

Gibberella-infected seed 

' 

Stand 

Increase 

Stand 

Increase 


Per cent 

Per cent 

Per cent 

Per cent 

(Gl-5%) 

61 

55.7 

53.2 

82.5 

20.4 

(Gl-3%) 

61b 

49.S 

36.1 

74.3 

8.5 

Sterocide 

(Gl-4%) 

50.3 

37.4 

81.6 

19.1 

Merko 

55.5 

51.7 

74.0 

8.0 

Cheek (not treated)... 

36.6 


68.5 



increased field stands from botli Diplodia and Gibber ella-infected seed more 
than 61b (Gl-3 per cent) or Sterocide (Gl-4:per cent). 

This would indicate that the 5 per cent concentration is more efficient 
as a fungicide than either of the 2 lower concentrations. 

Yields oltained. As compared with nontreated seed, treatments with 
dust No. 61 (Gl-5 per cent) and Merko increased the yields from Diplodia- 
infected seed corn more than 50 per cent (Table 11). Treatments with 


TABLE 11. — Acre fields obtained hy treating Biplodia-infecied and Gilherella-infected 
seed corn with dusts Nos. 61, 611), Sterocide, and Merlco, Ames, Iowa, 19^9 


Lust No. ■ 

1 Liplodia-mfeeted seed 

Gibberella-infected seed 

Acre yield 

Increase 

Percentage 

Acre yield 

Increase 

Percentage 

(Gl-5%) 

61 

Bushels 

60.6 

Bushels 

21.0 

53.0 

Bushels 

86.8 

Bushels 

11.5 

15.2 

(Gl-3%) 

51b 

54.5 

14.9 

37.6 

85.0 

9.7 

12.9 

CGl-4%) 

Sterocide 

54.7 

15.1 

38.1 

84.3 

9.1 

12.1 

Merko 

61.0 

21,4 

54.0 

84.3 

9.0 

12.0 

Cheek (not 
treated) 

39.6 



75.2 




dust No. 61b (Gl-3 per cent) and Sterocide (Gl-4 per cent) increased the 
yields 37.6 and 38.1 per cent, respectively. 
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A 15.3 per cent increase in yield was secured when Gibberella-infected 
seed corn was treated with dust No. 61 (Gr~5 per cent). The effects of the 
other 3 dusts were much alike, all producing about equal increases in yield. 

SUMMARY 

The scope of these investigations embraced the synthesis of a new toxic 
agent, the determination of the proportion of toxic agent to inert matter 
in the making of a fungicidal dust for seed-corn treatments, and the adjust- 
ment of the laboratory methods to commercial manufacture of the product. 

A high correlation was found between the expressed fungicidal efficiency 
measured by laboratory biological tests and the stand and yield per acre 
secured by field experiments, using the same dust treatments. 

Kesults of these experiments show that laboratory biological tests have 
been perfected that can be used to measure the relative fungicidal efficiency 
of seed treatments for corn. 

Prom among 58 different concentrations of the organic-mercury com- 
pounds containing a furan ring, a concentration of 5 parts of G1 and 95 
parts of talc w^s found to be the most consistent in giving the best fungi- 
cidal action on certain pathogenic organisms, such rs Diplodia zeae, Basi- 
$pori%m gallarum^ and Gilterella smthinetii without injurious effects on 
nearly disease-free seed. 

When the fungicidal dusts were ranked on the basis of acre-yield in- 
creases in each of 3 large field experiments in 1928, it was found that treat- 
ments containing the furan ring occurred twice in the 4 highest in 1 experi- 
ment (Table 7), 4 times out of the 4 in another (Table 8), and 3 times out 
of the 4 in the other field experiment (Table 9). 




PRELIMINARY OBSERVATIONS ON TWO SPECIES OP 
BEAUVERIA ATTACKING THE CORN BORER, 
PYRAUSTA NUBILALIS HUBNER 

C. L. Letebyre^ 

INTRODUCTION 

The purpose of this investigation was to note the morphological and 
physiological differ ences, if any, between certain species of Beauveria that 
attack the corn borer. One species of this fungus, occurring on the corn 
borer imported from Manchuria, killed from 80 to 90 per cent of the larvae, 
when these were subjected to conditions favorable for hastening the emer- 
gence of insect parasites for biological study. Large numbers of corn-borer 
larvae are imported annually from various countries by Government investi- 
gators interested in the control of this insect. By so doing they have estab- 
lished insect parasites in sufficient quaintities to be of significance in the 
control of this pest in the United States. A somewhat similar species of 
this fungus has been reported on the chinch bug (2), the gipsy moth, and 
the satin moth, in the United States. The question therefore arises whether 
that species, first found parasitic on the corn borer in the European Corn 
Borer Laboratory at Arlington, Mass., is the same as the one already found 
on the chinch bug and other insects of this country. If so, why has it never 
heretofore been reported to occur on the corn borer, now^ so common in the 
United States? With the aim of casting light on this question the investi- 
gation w^as undertaken. 

TAXONOMIC CONSIDERATIONS 

The genus Beauveria in which these species belong is included in the 
tribe Vertieillieae of the Fimgi ImperfecU. It might be w'ell at this time 
to state briefly some of the opinions and confused statements brought foi"- 
ward by different writers when referring to various representatives of this 
genus. For example, European waiters have been using the generic names 
Botrytis Mich, and Sporotrichum Link when referring to members of this 
genus. Due to the confusion in naming members of these twu groups, 
Viiillemin (10), 1912, instituted for them the new^ genus Beauveria; thus 
Botrytis Bassiana Bals. becomes Beauveria Bassiana (Bals.) Yuill, In 

1 The -writer wishes to express Ms appreciation and gratitude to B. W. Jones, who 
has given him the opportunity to collaborate with Dr. Bartlett in this inYestigation, 

He also wishes to acknowledge his indebtedness for helpful criticisms and sug- 
gestions to Professor William H. Weston, Jr., of Harvard University, under whom this 
work in its myeologieal aspects -v\ms carried on; and to Hr. W. H. Sawyer and Hr. M. 
T. fSmulyan for cultures of Beauveria glo'bulifera and Isaria farinosa (Hicks.) Pr., which 
they kindly furnished for comparative study. 
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1914 Picard (7) published a paper on entomogeiious fungi in which he 
transferred Spegazzini's speeies Sporotrichum glotulifemm to Vuillemiii’s 
genus, as Bemweria glohilifera. From time to time others, chiefly Fetch 
.(5), Arnaiid (1), and Billings and Glenn (2), have added considerable 
to our knowledge of these forms. This paper wall be confined to a dis- 
cussion of the two first-mentioned species. 

The morphological differences between the species of Beauveria that 
are parasitic on insects are very slight, according to published reports by 
Fetch and others. In the eight speeies of , Beauveria described the main 
criteria used in separating them are the shape and size of spores, which 
are figured as being either oval or globose but may vary from these dis- 
tinct extremes if the several speeies are grown on artificial media. Fetch 
(5) makes clear this point in that, for Bemiveria Bassiana, de Bary has 
described the conidia as being globular, 2.5 to 2.8 p in diameter, while Dela- 
croix records 2 to 2.5 p as their dimensions, and Saw^ada has figured them 
as globose or broadly oval. Fetch’s own measurements, made from a cul- 
ture secured from The National Collection of Type Cultures, records the 
conidia as being either broadly oval, 1.5 to 2.5 p by 1.2 to 2 p, or globose, 
1.5 p in diameter. Measurements of 250 conidia are summarized by the 
writer in table 4. In general, these measurements agree with those of 
Fetch hut, as they are tabulated in 0.5 p classes and these, in turn, plotted 
on a curve of frequency distribution, the ranges in variation are more 
clearly brought out. 

Since there is such a close similarity in spore size and shape between 
Bemweria Bassiana and B. glol)uUfera, obviously other methods of sepa- 
rating these two organisms must be considered. Therefore, a more detailed 
study of the cultural char act eristics on various artificial media and their 
virulence on the corn borer as a host w-as made by the waiter, and the results 
are presented in this paper. 

MATERIAL AND METHODS 

The fungus, Beauveria Bassmia, w^as isolated from corn-borer larvae 
obtained from Dr. K. Bartlett, of the Corn Borer Laboratory, Arlington, 
Mass. For comparative study, cultures of B. Bassiana and B. glohulifera 
W’^ere secured from the following sources: a culture of B, Bassiana, isolated 
by Dr. T. Fetch, was obtained from the Ceni^raVbureau voor Schimmeh 
culture^ Baarn, Holland, and cultures of B, glohitlif era were obtained from 
Dr. W. H. Sawyer, Jr., and Dr. M. T. Smnlyan, of the Gipsy Moth Labora- 
tory, Melrose, Mass. Since these fungi grow very rapidly on potato- 
dextrose agar, it was relatively easy to secure and maintain a plentiful 
supply of inoculum. 

In order to test the pathogenicity of Beauveria Bassiana and B. glol)U- 
lifera seven inoculation experiments were made during the course of the 
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ElGr. Ij A. Longitudinal sections of sweet-corn stems showing dead eorn-borer 
larvae that were infected by dusting spores of Beauveria Bassiana on plants in the 
field. X 1. B. Corn-borer larvae killed within 2 days, after dusting with spores of 
B. Ba^siana, in a moist chamber, x C. Three dead corn borers showing larvae 
covered with white, mealy mycelium and spore mass of B. Bassimia. App. x 1. D. Left, 
B. glotulifera on potato-dextrose agar showing elevated, cottony type of growth; right, 
B, Bassiaua on potato-dextrose agar showing flat, mealy type of growth, x E. Cul- 
tures of the two species on potato-dextrose agar, the left four showing the flat, mealy 
growth of B. Bassimia; the right four showing the elevated, floeeose growdh of B. glohu- 
lifera, x f . 
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summer, using as a host corn-borer larvae obtained through the courtesy 
of Dr. Bartlett. In each case a like number of larvae were used as controls. 

Since, in the literature, there are accounts of the destructiveness of 
Isaria farinosa to various insects, it seemed desirable to test, along with 
these experiments, the possible pathogenicity of this fungus on the corn 
borer ; therefore, comparative inoculation trials were made with this organ- 
ism (Table 3). 

Pure cultures of the fungus from infected corn borers are relatively 
easily secured after the larvae have been kept at room temperature for sev- 
eral days. During the course of this time a white mycelial outgrowth be- 
comes evident, which turns later to a cream- colored, chalky, pulverulent 
mass of spores completely covering the larvae (Pig. 1, A and B). In this 
stage, by touching a sterile needle to this spore mass, a pure culture is 
readily isolated, or when isolating Beauveria Bassiana from corn-borer 
larvae collected in the field (Pig. 1, A) a minute bit of the fungus is easily 
scraped from the infected surface into tubes of melted potato agar, and 
these are poured into Petri plates, giving isolated colonies from which pure 
cultures may be made. 

After the larvae have been dead for some time they become hard, brittle 
mummies; but, before any surface sporulation has occurred, isolations may 
be eavsily accomplished by dipping these in 95 per cent alcohol, quickly 
passing them through a flame, then cutting the larvae open with a sterile 
knife; the white mass of mycelium and spores can then be transferred in a 
relatively pure state to tubes of agar. 

For comparative study Bea%tve7'{a Bassiana and B. glol) 7 iUfera were 
grown in tubes of potato-dextrose agar and subjected to various tempera- 
tures. Similarly, these two organisms were grown in van Tieghem cells 
to determine the method and nature of spore germination. In all phases 
of this comparative study of the two organisms they were subjected to 
identical conditions. 

GROWTH OF THE ORGANISMS ON ARTIFICIAL MEDIA 

After observing the persistent, characteristic development of the stock 
enltiires of these two organisms on potato-dextrose agar, it is obvious that 
Bassiana always gives a mealy, chalky, pulverulent growth, 
while B. glolidifera always produces an elevated, cottony, floecose growth 
(Pig. 1, D and B). It seemed advisable, therefore, to culture these fungi 
on various kinds of artificial media to see if these differences were lasting- 
characteristics. The results are given in table 1. 

Prom table 1 it is apparent that the fungus isolated from the corn 
borer always produces a characteristically flat, mealy, chalky, pulverulent 
growth on the various media used; while Beauveria glohulifera produces a 



1931 ] Lepebvre: Beauveria Attacking the Corn Borer 


1119 


TABLE 1 . — Summary of comparative development of Beauveria JBassiana and B. 
glolulifera on artificial media. These two species were grown m the lahora- 
tory under identical conditions, and all tra7isfers of each organism to 
these various suhstrata wei'e made frofii the same stoch culture 


Aleclium 


Type of growtli of B. 
Bassiana 


Type of growtli of B. 
globulifera 


Potato-dextrose agar 
aBaeto-priuie agar 


fiBaeto-mitrient agar 


aProteose-peptone 
2% agar added 

i^Baeto-peptone 
2% agar added 
■-^Lactose 

2% agar added 

!‘B a etc -lactose 

2% agar added 
‘‘Baeto-dextrose 
2% agar added 
Corn meal 


B a e 1 0 -b e a n -p o d ag ar 


fiBacto-malt agar 


Potato slab 


Corn-ineai mush 
Oatmeal 


3 0% gelatine 


Platj chalky, mealy growtli 
over whole slant 
Plat, mealy, chalky growth. 
Slant f covered 

Whole slant covered with flat, 
mealy, chalky growth. Agar 
purplish at base of slant 
Profuse, flat, mealy, pulveru- 
lent growth covering whole 
slant 

( e e < Cl Cl 

Slight growth, slightly chalky. 
Lighter color than on pro- 
teose peptone 

C { I i Cl Cl 

C C C C Cl IC 

and cottony 

Little growth, lighter color 
than on proteose peptone 
Mealy, chalky growth. Base 
of slant well covered. Top 
covered in patches 

I c I e cc it 


Slightly cottony at first, soon 
becoming mealy, chalky, and 
flat 

Flat, meal y, pulverulent 
growth 

Slightly cottony at first, be- 
coming flat, mealy, chalky 

Plat, mealy growth. Gelatine 
turns brownish, amber color 


Loose, elevated, cottony 
growth over whole slant 
Loose, cottony, elevated to a 
less degree than above. 
Growth over whole slant 

I C Cl c c c c 


Very lorofuse, elevated, loose, 
cottony gro'wtli over whole 
slant 

I c c c cc (C 

Slight growth, cottony, sphe- 
roid colony of hyphae 

Better growth than above, 
e ottony, elevated 
Slight growth, but elevated 
and cottony in patches 
Little growth, slightly ele- 
vated, cottony colonies 
Mealy, but somewhat ele- 
vated growth, of darker 
color than fungus from 
corn borer 


Profuse, 

elevated. 

cottony 

growth. 

covering 

whole 

slant 



Profuse, 

elevated, 

cottony 

growth. 

in some 

eases 

turning 

potato 

slightly 

purple 



Profuse, 

elevated. 

cottony 

growth 
c c 

C C ( ( 

c c 


Cottony, elevated growth 


^ Difeo artificial media were used in this experiment. 

characteristic elevated, cottony, loose, floccose growth, excluding the one 
culture on hean-pod agar, in which case the two organisms had a some- 
what similar chalky appearance. Whether this character will change back 
again when the organisms are sown on an agar that nornially gives an 
elevated, cottony growth has not yet been tried. 

This consistently chalky, pulverulent growth on various media con- 
firms the fact that this fungus, isolated from the corn borer imported from 
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Pig. A to G, Beauveria Bassimia; H to L. B. gloluUfera, A. Germinating 
spores mtli germ tubes anastomosing and one of them bearing eonidia. x 1,350. 
H. Conidiophore branching into flask-shape phialides. x 1,250. C-D. Phialides: the one 
in C is flask-shape and that in T> more slender, both having zigzag steriginata. x 1,250. 
E. Pour mature eonidia, 3 showing i^rononneed swelling when germinating, x 1,250. 
E. Hypha bearing eonidiophoxes and phialides; the spores are shown borne in clusters 
and singly. x5O0. G. A germinating spore (after 32 hours) showing swelling of the 
eonidia, and the septate, branching germ tube bearing eonidia terminally and on aphialide. 
X 1,000. H. A germinating spore of H. gloJiulifera (after 32 hours) showing swelling 
of the eonidia, and the septate, branching germ tube; in this species, eonidia are not yet 
formed, x 1,000. I. Conidiophore branching into flask-shape phialides showing zigzag 
sterigmata. x 1,250. J-K. Conidia showing pronounced swelling upon germination. 
X 1,250. L. Mature eonidia at the time of shedding from the sterigmata. x 1,250. 
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Manchuria, is indeed Bemtveria Bdssiancv (Bals.) Yuill. and is therefore 
distinct from gloliUifera (Speg*.) Picard, common in this country. 
These findings agree very well with those of Fetch and others who have 
done work on this group of imperfect fungi. This fungus, therefore, will 
be referred to as B. Bassiana throughout the remainder of this paper. 

Another point of distinction between these two organisms, clearly 
brought out in the course of culturing them in the laboratory, was the dif- 
ference in time required for spore formation. Observations on cultures of 
Beaiweria Bassiana comprising data on 50 to 75 tubes of potato-dextrose 
agar grown under various conditions showed that abundant spore forma- 
tion took place within a week, usually within 3 or 4 days; while in a like 
number of tubes of B. gloliiUfera under identical conditions obvious spore 
formation did not take place until after the cultures had been growing 2 
weeks to a month and then, only sparsely. 

Spore germ/mation: Studies of spore germination were made by placing 
eonidia in drops of distilled water or 2 per cent peptone in van Tiegheni 
cells following tlie method and percentage of germination. In 24 to 48 
liours the spores swelled and put out one or more slender thin-wall germ 
tubes containing clear hyaline protoplasm. Frequently, they were found 
anastomosing (Fig, 2, A). 

After 32 hours the germ tubes of Bemiveria glolulifera range from a 
fcAV microns to as much as 200 p in length, wdtli the development of numer- 
ous branches 100 p or more in length intertwdning in a dense weft; wdiile 
in B. BasSsiana the germ tubes were much shorter, ranging from a few 
microns to about 80 p, and the branches arising from these were very short. 
Consequently, the wefted appearance of the former was totally lacking in 
the latter. Thus, almost immediately in their early stages the mycelial 
development in van Tieghem cells substantiates what one finds when the 
two organisms are growdng on agar, in that the tufted growth of B. glohu- 
lifera and the more flattened growth of B. Bassiana are obvious. 

At this stage of development conidial production is evident in Beauveria 
Bassiana (Fig. 2, G ) , while it is totally lacking in B, gloliilifera (Fig. 2, H) . 
Later, when both organisms are producing eonidia abundantly, they are 
borne in rather compact, globose heads, either on the main hyphal branches 
or on short laterals that are usually at right angles to the main axis, being 
much constricted at the base and terminating in an elongated, flask-shape 
conidiophore (phialide). Perhaps more commonly wdien these are at right 
angles to the main axis they occur in wdiorls and these also terminate in 
phialides and may bear branches in the same manner as those on the pri- 
mary axis. Frequently this branching is repeated, forming compact heads 
whose make-up is difficult to follow (Fig. 3, A, B, C). 
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Fig. B, and C. Hyidiae Ijeaxing clusters of flask-shape phialides showing eharaeter- 
istie zigzag sterigmata. x 1,000. 

Gonidia are boi'ne on short, slender, zigzag sterigmata borne at the apex 
of each phialide (Fig. 2, F). These, in turn, bear secondary sterigmata or 
short alternately arranged pedicels each of which bears a single eonidinm, 
and this may be repeated until a cyme of conidia is formed. These slender, 
zigzag, cymose sterigmata constitute the distinguishing character of the 
genus Beauyeria (Fig. 2, C, D, and I). 

In making observations on the percentage of spore germination, one was 
appalled at the small number of conidia that produced germ tubes, at all. 
The results of spore germination trials are given in table 2. 


TABLE 2 . — Gennination of spores of Beaiiveria Bassiana in disiillecl water 

and peptone 


Medium 

Tempera- 

ture 

Per cent germi- 
nation ill center 
of droplet 

Per cent germi- 
nation edge of 
droplet 

Sterile distilled water in 8 van 
Tiegheni cells 

Boom 

30, usually 10 

00, unusual 

Sterile distilled water in 6 Ward 
cells - 

Boom 

5 

80 ^ 

Sterile distilled water in 2 van 
Tiegheni cells 

10 C. 

1 ± 

'■ „■ 1 ± 

Sterile distilled water in 2 van 
Tieghem cells 

27 C. 

2 

30 

Sterile distilled water in 2 van 
Tiegheni cells 

33 C. 

1 ± 

1 = 

2 per cent peptone^ in 2 van 
Tieghem cells 

Boom 

50 

9(3 


aTiie 't^riter has since secured much higher spore-germination percentages hy plac- 
ing the spores in peptone and dung decoctions. 



1931] Lepebvre : Beaxjveria Attacking the Corn Borer 


1123 


Table 2 brings out the fact that the percentage of spore germination 
was somewhat higher when peptone was used as nutriment and that a 
greater number germinated around the edges of the droplet. When only 
a few spores were suspended in a droplet of the nutriment, germination 
seemed better ,* but too few* observations were made to verify this fact, or 
it may be that the presence of large numbers of conidia in a droplet pro- 
duces some antagonistic substances that have a tendency to lower the per- 
centage of germination. 

DIFFERENCES IN PATHOQENICITY OF BEAUVERIA BASSIANA, B. &LOBULIFERA, 

AND ISARIA FARINOSA 

Because of manifest differences between Beauveria Bassiana and 
B. (jlohulifera on artificial media and in the method of spore germination^ 
it wms thought that further contrasting characteristics might be obtained 
by trying inoculation experiments, using the corn-borer larvae as more or 
less of a differ ential host. Likewise, larvae were inoculated with Isaria- 
farmosa, as this fungus is knowm to be parasitic on various insects 
(Table 3). 

From table 3 it is apparent that there is a striking difference in the 
ability of these 3 organisms to infect the corn-borer larvae. Of the 50 
larvae inoculated with Beauveria Bassiana, 30 died within 3 days wlien the 
larvae w^ere thoroughly mixed and covered with spores by placing them in 
test tubes containing inoculum. By dusting, 6 out of 10 were killed within 
5 clays ; and, wlien larvae w^ere allow’'ed to crawl over infected soil, 4 died 
within 6 days. In similar experiments in w-hieh 60 corn-borer larvae were 
inoculated with B, glohilifera only 4 borers died from the disease. Isaria 
farmosa seemed to have no effect on the larvae. Controls in all cases 
showed no signs of infection. All these experiments were made at room 
temperature in the course of the summer, in the research laboratory of the 
Farlmv Herbarium. 

In another experiment 2 lots of 10 corn-borer larvae w^ere dusted with 
spores of Beauveria Bassiana and B. glohulifera, respectively; one lot w^as 
placed in the ice chest at 10-11° C. and the other placed in the 32-33° C. 
oven. There, was no infection in either ease, even though the 2 organisms 
grew on potato-dextrose agar at these temperatures. In all of these inocu- 
lation trials Petri dishes containing several layers of moist blotting paper 
were used as moist chambers, and string beans, thoroughly washed with 
sterile distilled water, Avere inserted in the chambers for food for the 
insects. 

Arnaud (1) states that if silkAVorms, inoculated Avith Beauveria Bassi- 
ana, are kept in a moist chamber for 24 hours, then transferred to a dry 
container, the fungus will develop much better, and that if the infected 
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4 others died but 
vShowed no disease 

Placed in ice chest 
-11^ C. 

Placed in 33° G. 
oven 

First time to be 
noted 

Placed in ice chest 
-11° G. 

Placed in 33° C. 
oven 

Xoi^uoo 

pi 

o 

o 

•H 

o 

jaqinn^ 

o O OOO O OO O O"^ C5 o oo 

P0XOTC 1101X08^ 
-HI JO 

o o;i Tfi a ^ .1^ 

corHi-i i iiii 

g ^ ^ i i i 1 1 ; ^ i i i 

ttoi;jBin3onT 
JO poi[;aj\i 

Dusting. 

Dusted surface of 
soil 

Borers i^laced in 
test tube con- 
taining fungus 

(C (1 (i. 

a it it 

Dusting 

Dusting 

Dusting 

Dusted surface of 
soil 

Borers placed iii 
test tube con- 
taining fungus 

i ( it it 

a a if 

Dusting 

Dusting 

Dusting 

Borers jilaced in 
test tube con- 
taining fungus 

paXUpIDOHI 

\ 

o o o ooo o oo o oo o o oo 
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CM T-! CM Cl iH Cl Cl rH 
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worms are kept in a linmid atmosphere coiitiiiiiously they will recover from 
the disease. This certainly does not hold true in the case of the corn bor- 
ers, for, once they become infected, as first manifested by their becoming 
rather sluggish, failing to respond readily to external stimuli, and in some 
instances turning a pinkish” color, none of these has ever been seen to 
recover. 

Although only a few’ field experiments have been made, they indicate 
that Beauveria Bassianw is an organism possessing favorable potentialities 
for at least partial control of the corn borer in that the fungus readily in- 
fects and is destructive to the larvae yet grows well on artificial media and 
produces spores in vast numbers. Moreover, the corn-borer larvae, en- 
sconced within the succulent tissues of the host during most of their period 
of feeding, live under relatively moist conditions, ideal for infection with 
fungous parasites. They are thus advantageously in contrast to certain 
other destructive insects against which fungous diseases have been used 
with little success on account of their feeding in the open under drier con- 
ditions. A summary of these field experiments and subsequent ones will 
shortly be compiled by Dr. Iv. Bartlett. 

Spore cluiraciers: Since in the literature cited there is such a lack of 
agreement as to the size and shape of spores of Beauveria Bassiana and B. 
glo'b%ilifera, measurements of 250 conidia w^ere made by the wniter, and the 
results 'were given in the folio-wing table. 


TABLE 4 . — Snmmarked comparative measurements of conidia of Beauveria Bassiana 

and B. ffloVulifera in water 


Length in jii 

Classes 
B. Bassiana 

B. glol)uilifera 

Diameter in j.i 

Classes 

B. Bassiana 

B, glohulifera 

1.0-1.5 


1 

1.0-1.5 

8 

6 

l,6-2.0 

41) 

68 

1. 6-2.0 

84 

87 

3.1-2.5 

131 

113 

2.1-2.5 

120 

122 

2.6-:lo 

m 

50 

2.6-3. 0 

36 

30 

a. 1-3, 5 

13 

13 

3. 1-3. 5 

2 

4 

3.6--4.D 


1 

3.6-4.0 

0 

1 

4-1-4.5 

1 

1 




4,6-5.0 

[) 

1 




5.1-5.5 

a 

1 




5.6-6. 0 

ii 

1 





One notes at once that the larger number of spores fall in the class 2.1- 
2.5 p for both length and diameter measurements. In general, the spores 
are globose l)ut vary somewhat, as shown. Otlier writers give the follow- 
ing measurements: 
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Conidia globose: 

Beaiiveria Basskina (Bals.) Yiiill. — 

Conidia 2.5-2. 8 p (d© Bary) (3) 
2.0-2.5 jj (Delacr,) (4) 

1. 5-2. 5 X 1.2-2. 0 or globose 
1.5 0 diam. (Fetch) (5) 

Bemiveria glolidifera (Speg.) Picard — 

Conidia 2.0-2. 5 X 1. 5-2.0 p (Speg.) (8) 
1.71-2.5 p (Pettit) (6) 

From these data it is quite evident that spore size and shape are not a 
sound basis on which to distinguish Bemiveria Bassiana from B. glohulif era 
(Fig. 4). 




Fig. 4. Graphs showing comparatiye dimensions of the conidia of Beauveria Bassiana 

( — ) and B. ^loBnlifera ( ) when grown and measured 

under identical conditions. 

PRESENT KNOWN DISTRIBUTION OP THE FUNGUS 

Becmiveria Bassiana is known to be fairly wide-spread, as it occurs on 
insects in many localities, such as Europe, China, Japan, Ceylon, the Phil- 
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ippine Islands^ and Manelinria. In fact, tlie fung'iis is so generally preva- 
lent that it has been found impractical to ship corn-borer larvae from the 
district of Kanto, Manchuria, to the United States, where they are used to 
study the emergence of insect parasites. As far as the writer is aware, 
B, Bassuina never been known to occur on the corn borer in the United 
States. The only record of this fungus in the United States is by Van 
Hook (9), who states that he found Botrytis Bassiana on a dead insect fast 
to a living leaf of cultivated strawberry; but, apparently, there is no men- 
tion that he cultured the fungus, nor is material available whereby further 
check on this determination can be made. 

persistence of the fungus 

The writer has not made extensive observations on the retention of vital- 
ity of the fungus, noting only that cultures kept in the laboratory 10 
months are still capable of infecting the corn-borer larvae. This is in keep- 
ing with Ariiaud (1), who states that by making frequent transfers cul- 
tures of jBcuiH’em Bassiana were kept in the laboratory 2 years without 
altering their ability to infect the silkworm. 

SUMMARY 

Comparable cultural and inoculation experiments made with Beanveria 
Bassima and B. glotulifera have east light of certain significance on the 
identity of these fungi (1) when grown on artificial media and (2) when 
used to inoculate corn-borer larvae. 

Pure cultures of B. Bassiana are relatively easily secured, due to uts 
fairly rapid growth and abundant spore formation. 

On artificial media B. Bassiana is characterized by producing a fiat, 
mealy, chalky, pulverulent growth, while B. gloMiUfera forms an elevated, 
cottony, floccose growth. 

In culture and on the corn borer B. Bassiana produces conidia much 
sooner and in greater nnmbers than B. glodidifera. 

On various agars and in van Tieghem cells B. glohulifera has a greater 
iiiycelial development. 

Beaiiveria Bassiana is a much more virulent pathogen on the corn borer 
than is B. globulifera. 

For comparison with the two species of Beauveria, Isaria farinosa was 
tested under similar conditions but proved to he noninfectious. 

Quantitative measurements of 250 conidia are given in tabular form, 
bringing out the close similarity in size and shape of the conidia of B: Bas- 
smna and B. glol)uUfera, 
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As far as is known, B, Bassiana has never been reported to occur on the 
corn borer in the United States but has been collected once in this connti\y. 

In cultures B. Bassiana does not seem to lose its virulence readily, at 
least not 'within the course of 10 months. 

Laboeatories dp Cryptogamic Botany, 

Harvard University, 

Cambridge, Mass. 
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BLIC4HT OP CARROTS CAUSED BY SCLEROTIUM ROLPSII, 
WITH GEOGRAPHIC DISTRIBUTION AND 
HOST RANGE OP THE FUNGUS 

George S’. 'Weber 

A blight of carrots caused by Sclerotmm rolfsii Sace. was found near 
Gainesville, Fla., during the early summer of 1928. The disease appeared 
to be spreading in both directions in the ro^vs from points of primary in- 
fection, killing the plant successively. This disease of carrots has not been 
previously described, so far as the v^riter has determined, although numer- 
ous hosts of the fungus have been reported. 

DESCRIPTION OF THE DISEASE 

The earliest sym]ptoms of infected carrots are the general yellowness 
and lack of turgidity of the old leaves. As the disease develops these symp- 
toms spread to the younger leaves, until, finally, all of them become in- 
volved. This development may require only 2 or 3 days under favorable 
conditions, yet the period is long enough to show distinctively the various 
stages in the advance of the disease. The older leaves wilt completely and 
become prostrate (Figs. 1 and 2), followed, successively, by the younger 
ones, until all of them lie on the soil surface. In this stage the leaves are 
loosely attached to the crown, and the root cannot be removed from the 
soil by pulling the leaves, while healthy roots are easily removed in this 



Fig. 1. Portion of a carrot field showing more than 50 per cent of the plants affected 

with ScJerotium rolfsii Sacc. 
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Pig. 2. Section of carrot row showing diseased plants compared with healthy ones at 

reader’s right. 


manner. They then lose their green or yellow color and become brown 
and crisp. The petioles easily become loosened from the crown of the plant 
and may be scattered by the wind, leaving no trace of the plant or the dis- 
ease. There are no other symptoms above the soil surface by which the 
disease is characterized, except in fields where the plants have not been 
properly cultivated and portions of the crown are exposed. If such ex- 
posed roots are attacked, they often show white mycelial growth of the 
parasite. In contrast with this characteristic of the disease on carrots, the 
writer has observed that on a large number of other host plants that are 
vigorously attacked the causal fungus usually overgrows the stems of the 
plant from the soil line to several inches above. This condition has been 
reported by Higgins (15), McCliiitock (17), and Miller (19). Takahasi 
(36) also noted the mycelium of a similar fungus advance 6 inches up lark- 
spur stems. Wolf (43), however, reported that the mycelium was entirely 
underground on peanuts, in Alabama. 

The fungus invades the entire root of the carrot very quickly, causing a 
wet rot (Pig. 3) . In some instances, where the decay had advanced through 
the periderm, cortex, phloem, and cambium, the central cylinder of pits 
and woody tissue would easily slip out when the leaves were pulled, leaving 
the outer cylinder of cortex and phloem in the soil. This outer portion of 
the carrot was held in the soil by the mycelium of the fungus, visible in the 
soil to a distance of an inch or more around the carrot. The distance the 
mycelial growth penetrated the soil was apparently determined by the 
amount of moisture supplied to the soil by the decaying carrot. The soil 
was usually wet from 1 to 2 inches around the carrots, which were from 1 
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IPiG. 3. The same plants shown in figure 2 removed from the ground and showing wet, 

soft decay. 


to 2 inches in diameter. The distance around the smaller ones was rela- 
tively less. This condition appears to be of great importance in the spread 
of the disease in the row, as it enables the fungus to pass readily from one 
plant to another, even though the roots are not in direct contact. In ad- 
vanced stages the decayed carrots dry out and shrink, leaving a cavity in 
the soil. The walls of the “sand-wells” thus found are held quite securely 
"by the dried mycelium of the fungus. The sclerotia of the fungus are pro- 
duced in large numbers-.on the deteriorating carrots in these cavities. Scle- 
rotia were observed 6 inches below the soil surface, although not under- 
ground. Taubenliaus (37) recommended plowing 5 inches deep for the 
control of Sclerotmm rolfsii. Under the above circumstances, however, 
such methods would probably place sclerotia on the surface rather than 
deep under the soil. 

INOCULATION EXPERIMENTS 

The fungus was obtained in pure culture by (a) planting mature scle- 
rotia, which had been sterilized, on poured agar plates; (b) by transferring 
bits of the fluffy white mycelium that developed on infected roots (Pig. 4), 
kept for 24 hours in a moist chamber; and (c) by planting bits of invaded 
host tissue that had been surface sterilized. Fungus growth was evident 
on the plates after 12 hours. Within 4 daj^s sclerotia began to develop. 
The mycelium and sclerotia (Pig. 5), in growth habits, color, size, and 
shape, were similar to descriptions given to Sclerotinm rolfsii by Earle (9), 
Higgins (15), Rolfs (28, 29, 30), Saccardo (33), and Taubenliaus (37). 
Two weeks after the plantings were made in Petri dishes, the sclerotia 
produced therein were collected and used to inoculate carrots. Inocula- 
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tions were made in the field and in the laboratory, both with and without 
injury. A disease produced on inoculated plants was similar to that ob- 
served in the field. 


TABLE 1. — HesuJts obtained hy inoculating carrots ivitli Sclerotiuin rolfsii 
from sources indicated 


Sources of inoculum 

Parts 

Number 

Numb er 

Checks 

inoculated 

inoculated 

inoculated 

No. 

Diseased 

Sclerotia from field 

Boot 

Grr owing plant 

6 

12 

6 

10 

2 

2 

0 

0 

Sclerotia from culture 

Root 

G-rowing plant 

6 

12 

6 

11 

2 

2 

0 

0 

Mvcelium 

Root 

Grr owing plant 

6 

12 

6 

6 

2 

2 

0 

0 


In all eases of infection sclerotia were produced tliat were indistin- 
g’uisliable from those of the original culture. In moist chambers the inocu- 
lated carrots became overgrown with mycelium very rapidly. If they were 
left uncovered the mycelium developed more slowly but was much more 
dense. (Fig, 6). 



Fig. 6 . A naturally iiifectei carrot (above) producing tlie disease on the healthy carrot 
(below) by contact, in an open dish. 
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The disease has been eolleeted in Florida on a large number of hosts, as 
listed hereafter, and in most instances pure cultures were made. A series 
of cross inoculations was made in which the fungus from various hosts was 
used to inoculate healthy plants, once reported as hosts. Table 2 shows 
the source of the inoculum used in the experiment, although the selerotia 
employed as inoculum were developed in artificial culture. The results 
are given in the form of fractions in which the denominator represents the 
number of plants or plant parts inoculated and numerator the number of 

TABLE 2 . — JResulis o'btamed ty inoculating plants ivWi Sderotium rolfsii obtained from 

sources indicated 



a The denominators of the fractions designate the number of inoeulationa and the 
numerators the number of infections. 
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plants that became infected. The iimnber of plants inoculated may in- 
clude seedlings, grown plants, or the fruits or roots of plants. Check 
plants, not shown in the table, were used throughout the experiment. None 
of the plants was intentionally wounded in the inoculation w^ork, but it is 
possible that microscopic wounds w^ere present on such hosts as potato and 
carrot. In most cases sclerotia constituted the inoculum, although my- 
celium was used occasionally. The inoculated plants were growui in the 
greenhouse and in field plots. 

These results show that the fungus is exceedingly cosmopolitan. The 
strain isolated from each of 13 plants was capable of infecting the other 12. 
There w’as no consistent difference among the strains, even though there 
was some variation in size, shape, and color of the sclerotia both in culture 
and on the various hosts, and, consequently, they are considered the same 
species. 

GEOGRAPHIC DISTRIBUTION 

A blight of various plants caused by Scleroiktrn rolfsvi has been re- 
ported in certain foreign countries. In the Western Hemisphere the 
fungus and the disease it causes have been reported from the following: 
Porto Rico (16, p. 210), (35), Cuba (31), Hawaii (7), and southern por- 
tions of the United States (9, 15, 28, 37, 39). There is little doubt of its 
occurrence in the other subtropical and tropical lands of North and South 
America that are subject to excessive rainfall under high summer tempera- 
tures. Available reports of this fungus and its damage to living plants 
show that it occurs in Egypt (5), South Africa (20), India (8), (18), 
Australia (4), Japan (21), Sumatra (23), Philippines (2), Java (11), and 
Ceylon (3). In fact, the general group of lands thus reporting the dis- 
ease are apparently those in the tropical and subtropical countries where 
high temperatures prevail during the rainy season. This belt, with slight 
variations both north and south, roughly follows the Equator, around the 
globe. The disease undoubtedly occurs and causes considerable damage 
in other countries located in this tropical or subtropical belt that. are sub- 
ject simultaneously to abundant rainfall and high temperatures. Definite 
reports from all such lands, however, are not available. 

In the United States the disease is general in the Southern States from 
Texas to the Carolinas and north to the Ohio River, wuth occasional reports 
from scattered Central States. In Florida this disease is common and wide- 
spread on a large number of hosts covering the entire State, on its various 
types of soil. Blight is generally worse on the light, sandy types of soil 
during the rainy periods of summer, but this is not always true, since 
pepper and tomato fields have suffered considerable damage during Janu- 
ary and February, on the heavy muck, marl, and loam soils. 
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HOST RANGE 

Since tlie reports of the disease on different host plants are widely 
scattered in the literature it seems woidh while to compile a list of the hosts 
reported from the United States and foreign countries. 

The fiingTis has been collected on a large numbei of hosts, l iiese hosts 
are here reported alphabetically, listing* the Florida collections as well as 
others reported in the literature. The new Florida hostS;, heiewith repoited 
for the first time, lack reference numbers. 


HOSTS 


. Literature 

Scientific, name reference 

^Scienti^ic naniB 

Tjitei itiire 
Deference 

Allium cepa L. 

1 

Chrysanthemum sp 

29 

' ^ sativ^im L 

1 

Cichornm endivia L 

22 

Alocasici cnimdlata Schott 

3 

Cinchona sp 

27 

Amarantlms retroflexiis L 

29 

Ciiriillus vulgaris Sclirad 

29 

“ spinosus L 

29 

Cifri/.,5 aurantifolia (Cliristm.) 



29 

Sur. 

26 

Ainpgdalus pei'sioa L 

1 

decimiana L 


Anacardhim oecidentale L. 

— ‘ 

grandis Osbeck 

— - 

Aiitirrlivnim majtts L 

— 

limonia Osbeck 

26 

Aqililegia sp 

40 

2 mradisi MacF 

26 

Aracliis liypogaea L 

29 

sinensis P 

26 

Areca caieclm L 

6 

Cochranea anchusaefolia (Po 

ir) 

A rrh tn aili e rum e laiius ( L. ) Beau v. 

39 

G-iirke 

— 

Artocarpiis comm%mis Forst 

35 

Coffea sp 

26 

Asimma sp 

25 

Coleus blumei Benth 

29. 

Avefm sativa L 

40 

Colocasia esculent a Schott 

— 

Bamlyusa vulgaris Sehrad 

35 

Commelima sp 

09 

Bauhinia all)a Biicli-Ham 

6 

Coreopsis laneeolata L 

— 

Begonia 

22 

Cosmos sp 

4-0 

Beta vulgaris L 

29 

Crataegus sp 



vulgaris ciela Moq 

40 

Crotalaria anagyroidcs 11. B. 


vidgaris ■macrorliisa Stev. ... 

1 

K 

11 

Brassica juncea (L.) Cosson 

25 

juncca L. 

. 11 

‘ ^ oleracea L 

29 

scrirra Ibdz , , 



^ ^ oleracea aoephala (DC.) 


sprrtahilis Roil) 


Kales 

40 

usaramornsis M. (k 

1 ;. - 

^ ' oleracea 'botrytis L 


Cucumis 'tnolo h „ 


rap a L 

— 

sativis L. 


BryopJiyllum innnatum Kurs 

22 

Cncurhiia ptepo roudcusa Uaili 

29 

Caladimn bicolor Vent 

— 

Cyamopsis iciragonfdoba 

O . 40 

Calendula oMcinalis L 

40 

Cynara scolymus L 

5 

CalliUeplius cMnensis Nees 

— 

Cyn og loss'i t,m sp 



Campanula carpatica Jacq. 

24 

Dahlia pinnaia Oav 


medium L 

24 

Daphne odora Thimbg 

’ 29 

nobilis Lindl 

24 

DaUtra met el L. 


'' persicifolia L 

24 

Da^icus carota L 



Ganavalia ensiformis DC 

14 

Delphinium ajacis L 

— ™ 

gladiaia DC 

23 

grandiflonm L 


Cannabis sativa L ; 

1 

Desmodium moUe DC. 

II 29 

Capriola daotylon Kze 

— 

^ ^ iortuosum DC 

39 

Capsicum annmim L 

29 

Dianihus barbatus L. 

— — 

Chenopodium sp. 

22 ' 

earyophyllus L 

— 
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HOSTS 


Scientific name 


Literature 

reference 


Scientifie name 


‘plumarhis L. 24 

Dioscorea sativa L 4 

VoUchos nniltiflorus T. & G 22 

DraGocephaluin argmiense Tiseli ... 24 

Duranta phimievi Jacq, — 

EcMnocJiloa frumentacea Link 22 

Eleusine coracana Gaertn. 18 

Erechtites liieracifolia (L.) Raf. 29 

Erigeron ca7iade7isis L. 29 

^ ‘ glahellus Nutt 24 

Eiipatormm ageraioides L 24 

Eicus ca7'ica L : 29 

elastica RdxT) 41 

ForsytMa sp 40 


Ei'agaria miGricma Brit. ... 

mTgv7i\a7\a Buelie 

Gladiolus sp 

Glycine hispida Max 

Gossypium liwsutum L 


Eelia7it7ius annuiis L 

tu'bei'osus L — 

EHoiscus ca7inabm%s L 13 

esoulentus L 25 

Ilippeastrum ecpiestre Herb — 

Holcus so7^glmm L 1 

Hoi'deum sativum Jess 22 

Eosta lancifolia Tratt. 40 

Eydi^angea panioulata Sieb 29 

Iinpatiens sultani Hook 22 

Inciigofera endecapliylla Jacq 34 

“ Im’suta Jaeq 34 

Ipomoea daiatas (L.) Lam 29 

‘‘ P'Ui'purea (L.) Roth 29 

1 7' is sp. 40 

^ ‘ ocipJimm L — 

Jasininum fioridum Brenge — 

Lactuca sativa L. — 

Lagenavia leucMtlia Rushy 2 

LatJiyrus odoratns L — 

Lespedesa si7nulata M. & B — 

Lippia eanescens Kuntli 11 

Lycopersicu77i esculenium Mill 29 

Mains sylvesiris Mill 4 

Medicago sativa L 1 

Melilotus alha Lesr 22 

Mwiosa mvisa Mart 34 

Musa sapientuni L 4 

Myriophyllwn sp 22 

Myrtns communis L — 

Narcissus ta^eita L. — 

^ ^ tasetta orientalis Hort. — 

Nicotiaua rustka L 20 

t ah acu 7)1 L 42 

Oiiiithogalim umhellaium L 22 

0)'y.2!a sativa L 32 


Literature 

reference 


Oxalis sp 22 

Tassiflora incamiaia L — 

Pentste^non 7mLrrayaniis Hook 24 

puhescens Soland. ...... 24 

Pe7'sea americana Mill. — 

Petroselinum Jiortense Hoffm 22 

Phase oliis vulgaris L 29 

Phlox sutulaia L. 24 

Phy salts angulata L — 

pu'besce7is L — 

Piper hetle L 38 

7iig7'um L. — 

Pisum sativum L 29 

PUtosporum tohira Ait — 

Piei'is longifolia L 22 

Maphatius sativtis L 3 

Paphiolepis indica Lindl — 

Beseda odorata L 22 

Bheum rJiaponticum L 29 

Bichardia scahra St. Hil. — 

Bicinus communis L ■ 22 

Bosa migosa Thunbg — 

Budhechia laciniata L — 

Bacchanim officinarum L — 

Salvia officinalis L 22 

Scabiosa atropurpurea L — ■ 

Scrophularia sp. — 

Sida rhomhifolia L — 

Soja tnax Piper 40 

Solanum aculeatisswiuoii Jaeq — 

‘ ^ graoile Link — 

“ melonge'iia L. 29 

mexicamm D. & P. — 

munistrum BiH — 

' ‘ nigrum L — 

tube^'csum L 29 

Stisolobium dee7'ingian7im Bort. ... — 

Tagetes sp — 

Thymus vulgaris L 22 

Trifolium mcainiaium L 1 

Triticmn aesiivim L 10 

Tt'opaeolum sp. 22 

Vida faba L. . 35 

Vigtia catjcmg Walp. 1 

hoei Jacq. 34 

oligospeT77ia Jaeq. — 

sinensis (L.) Endl. 3 

Viola odorata L 29 

tricolor L ! 

Xanihosotyia sagittifoUum (L.) 

Schott 12 

Zantedeschia aethiopica Spreng — 

Zea everta Sturt 22 

mays L. : — 

Zinnia elegans Jacq — 
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This list includes only a single report of each host. Where the host 
has been found in Florida, no other records are given. These hosts include 
succulent and woody, annual and perennial, and nioiiocots and dieots. The 
fungus is more common on the succulent annuals, and it is not usually 
found on the woody perennials except under the most favorable tenipera- 
tnre and moisture environment. 


SUMMARY 

1. A description of the disease caused by Sclerotiuni rolfsn Sace. attack- 
ing carrots is given. 

2. Isolations and inoculation experiments were conducted proving its 
pathogenicity. 

3. Cross inoculations n-ere conducted with 13 strains of the fungus, isolated 
from as many ditferent plants, all of wdiicli proved susceptible to tlie 
various strains. 

4. The strains of the fungus, although showing some variation in culture 
and on the hosts, did not warrant recognition. 

5. The geographical distribution and host range of the ftingu.s are given. 
One hundred and eighty-nine host plants are listed, 68 of whieli are 
reported here for the first time. 

Florida Agricultural Experiment Station, 

Gainesville, Fla. 
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NEAV APPLE-ROT FUNGI FROM WASHINGTON 

G-eorge D. Ktjehles.s 

Beginning in the fall of 1926 and continuing throngii 1927, 1928, and 
1929, a detailed study was made of the fungi causing decay of Washington 
ai3ples in cold storage. Apples from representative districts obtained from 
commercial!}^ packed lots and placed in cold storage were given systematic 
examinations at intervals during their storage life and isolations of fungi 
made from the lesions which appeared. A total of 1,118 isolations have 
been studied. The following fungi have been isolated and proved by in- 
oculation tests to be capable of causing decay either at cold-storage 
or higher temperatures: 

PHYCOMYCETES 

M'ucor lyiriformis Fischer 

Rhizo-pus nigricans Ehr. 

ASCOMYCETES 

Pleospora fruciicola (Newton) Buehle 

Mycosphaerella tulasnei Jancz. 

FUNGI IMPERFECTI 

Plioma, No. 1 
No. 2 

Coniothyrium, No. 1 
No. 2 

Microdiplodia, sp. undet. 

Gloeosporium perennam Z. & C. 

Pesialozzia hariigii Tub. 

Coryneum foliicolwn Feld. 

Oospora, sp. undet. 

Cephalosporium carpogenum, n. sp. 

P e nic ill h t ni expansmn Ijk. 

pubernlnm Banier 
« verfucosum Biourge 
olivino-viride Biourge 

1 Piiblislied witli tlie approval of the Director of the Washington Agricultural Experi- 
ment Station as Scientific Paper No. 187, College of Agrieultiire and Experiment Sta- 
tion, Pullman, Washington. 

2 Porinerly Eesearch Assistant in Plant Pathology, Washington Agricultural Experi- 
ment Station, Pullman, Washington. 

3 The writer wishes to express his deep appreciation to Dr. F. D. Healcl for able 
counsel and eonstriietive criticism during the course of the wmrk and for help in prepara- 
tion of the manuscript. 
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Penioilliiim viridicatum Westliiig 

mm'tensii Bioiirge, and 5 other nnidentified species 

S 2 ^orotricJiitni malo7'iim Kidd & Beaum. 

Sporotrichum carpogenum, n. sp. 

Boirytis cinerea Pers. 

Botrytis mali, n. sp. 

Cladosporium malorum, n. sp, 

herharmn Lk. (See Mycosphaerella ttdas7iei) 

Eormodendron cladosporioides (Fr.) Sacc. 

Biempliylinm congest um Newton 

‘‘ Newton, var. minor Buelile 

(See Bleospora fructieola) 

Alternaria tenuis Nees. 

mali Koberts 
No. 3 
No. 4 
No. 5 

Fnsarinin No. 1 
No. 2 

Eamularia magnuskinci (Sacc.) Lind. 

No. 2 

Epicoccum gf^anidatuni Penz. 

BASIDIOMYCETES 

CorUcmm cenfrifngum (Lev.) Bres. 

It is not the purpose of this article to present the details of this study 
but to describe certain new species, to record some new data on previously 
described species, and to give brief attention to some not previously re- 
corded as causing decay of aj)ples. 

NEW SPECIES 

Cephalosporium carpogenum, n. sp. A species belonging undaubtedly 
in the genus Cephalosporium was found to be one of the less frequent weak 
parasites of apple fruit. It was obtained from small, shallow, dark brown, 
hrm areas bordering worm holes or punctures. When reinoeulated into 
ripe Jonathan apples held at about 20° C., small, shallow, firm spots were 
formed in 30 days. At the end of 2 months, a few of these spots had in- 
creased to 20 mm. in diameter on the surface, but most of them remained 
smaller, although the apples were very ripe. Pathogenicity was not deter- 
mined at cold-storage temperatures. 

The fungus develops slowly on culture media. On 2 per cent dextrose- 
potato agar, the colonies are white to faintly pink at first and hecome light 
gray in age (Pig. 1, A). The development of the pink color seems to be 
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Pig, 1 . A, Ce’plialos'poriim carpogenum on 2 per cent dextrose-potato agar; Bj OladO' 
^ sporium malorum on 2 per cent dextrose potato agar. 
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favored by growing' the colonies in the light. The surface cippedis coaiselr 
flocenlate, bordered by a narrow zone of prostrate radiating li^ pliae. Ihe 
liyphae are hyaline, >sparsely branched, delicate, 1 tO' 2 p in diaiueter, v itli 
septations very indistinct. In the aerial myeeliiiin tliey are iiiiiled into 
coarse strands composed of many parallel, adherent hypliae. Tlie eonidii)- 
phores are hj^aline, simple, nonseptate, 1.5 to 2 p wide at tlie base, and 
gradually attenuated toward the tip. They are 25 tO' 45 p long and arise 
at nearly right angles from the liyphae. The eonidia are hyaline, coiitiiiO” 
ous, ellipsoidal to short cylindric, 4 to 8.5 p long by 1.4 to 2.8 p wide, pro- 
dnced suceessively on the apex of the conicliophores, but collecting there to 
form small, globose heads 8 to 15 p in diameter, wluch break up readily in 
a w^ater mount. 

A single species of Ceplialosporiuin has been previously reported from 
apple fruit in England b^^ Kidd and Beanniont (6). This species, whiili 
they named C. malorum K. and Beauin., w^as always isolated associated 
with other fungi and there is nothing in their report to indicate that inocu- 
lation experiments wnre carried out with the fungus. In addition, tlie 
same investigators report tivo species of Hyalopus from apple fruit. 
Hyalopus is distinguished from Cephalosporium mainly b}- tlie tendency 
of the spore head of the former to remain intact, due tO' the greater amount 
of mucus formed. It has been suggested by Lindau (7) and Buchanan 
(1) that the tw^o genera be combined, because this character is not consid- 
ered sufficiently striking to w^arrant a separation. 

A culture of C epJmlospormm malorum w^as obtained from tlie Ceiitraal- 
bureau voor Scliimm el cultures and wms found on comparison to be distinct 
from the Washington fungus. The colonies develop much slower on cul- 
tiire media, and the spores are smaller (4 by 2 p) in the English speeitss. 
The Washington species also differs in spore characters from the tw'D 
H^'alopus forms reported on the apple. It appears to be yery similar to 
C. charticola Linclan, which has been described as occurring on moist 
paper, but the description of the latter is sO' inadequate that it is not pos- 
sible to establish the identity of the two. It is, therefore, deemed jidvis- 
ableto consider the Washington fungus a new species, for W'hicli tlie name 
Ce 2 Jhalospormm carpogenum is proposed. 

Sporotrichum carpogenum, n. sp. This form was isolated from a 
small, dark browui, firm, lesion on a Jonathan apple. It differs more or 
less distinctly from >5. malorum (2), both in cultural characters and in size 
and shape of spores. 

The colonies on 2 per cent dextrose-potato agar at about 20“ C. spread 
very slowdj^, attaining a diameter of approxinaately 20 mm. in 10 days. In 
young colonies there is more or less fluffy overgrowth in the center, but 
later the aerial liyphae spread uniformly, forming a dense velvety mat of 
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a deep gTayisli oiive (Ridgway XLVI) which becomes radiately furrowed 
in age. The margins are erose and without the border of white prostrate 
liyphae characteristic for Bporoiriclvum malorum (Fig. 2, G). The reverse 
side is dark olive buff to gTeenish olive in the deeper portions. 

The lij^phae are hyaline to light brown^ 1 to 4 p in diameter, with 
branches arising at short intervals. The hyphae are partly united into 
brown, coarse, strands of 3 to many parallel adherent li^^pliae. No loops 
or coils were observed in the aerial hyphae. 

The conidiophores arise either singly as lateral outgrowths, usually at 
nearly right angles from the main hyphae, or more frequently in clusters 
of 2 to man 3 " arising at acute angles from short lateral branches from the 
main hyphae. Typically they are from 6 to 10 p long and are swollen at 
the center and again at the tip to resemble a tenpin in shape, but occasion- 
ally the single conidiophores are niiich longer (up to 30 p) and are scarcely 
distinguishable from the hypha from which they arise. 

The cDiiidia are subglobose to elliptical, hyaline, continuous, 2.8 to 6.4 
by 1.8 to 3.5 p. They are cut off successively from the apex of the conidio- 
phore, and, in the aerial mycelium, accumulate about the tip of the eonidio- 
phore in a loose clump or ‘^liead,’’ which breaks up readily in a water 
mount. 

Because of the difference in rate of growth, character of colony, and 
size and shape of spores, this form is considered to be distinct from S-poro- 
irichum malorum. It also differs in spore shape from S. lyococcon and 
S. ihumenii, the two species listed by Oudemans (9) as occurring on ai)ple 
fruit. It is, therefore, considered to be a new species, for which the name 
Bporoiricliimi oarpogemim is proposed. 

When inoculated into ripe Jonathan apples, this species was found to 
cause a dark brown, rather firm decay, at about 20° C. and at cold-storage 



Pig. 2. A, Culture of SporoiricMim carpogenum; B, S. -maZonfm, dark form; C, S. 
maloi'iim; light form. All the same age on 2 per cent dextrose-potato agar. 
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temperatiires. The rot lesions so produced ai’e not markedly different from 
those produced by malorum but were found to develop 

sliglitly slower at both temperatures. Spores and mycelium of the fungus 
were abundant in the host tissues^ and reisolations yielded the original 
form in every ease. ' 

Botrytis mali, n. sp. This form is differentiated from B. emerea by 
the production of very small sclerotia, by its shorter, more frequently 
branched eonidiophores, and by its ovate to ellipsoidal conidia, produced on 
sterig'mata which approximate half the length of the spores. By means of 
inoeulatioii experiments on ripe apples, it was found to be capable of pro- 
ducing a rapid decay, which is of the same type as that produced by B. 

but w^hich develops slightly slow'er at all temperatures. The len- 
ticel spotting noted for B. cimrea (3) apparently does not develop in lesions 
produced by the new form. 

On 2 per cent dextrose-potato agar, the fungus grows somewhat slower 
than Botrytis ciner eor/ the colonies attaining a diameter of 75 mm. after 4 
days^ growth at a temperature of 25° C. The colonies are white at first, 
but soon become smoky gray from the production of numerous eonidiophores 
and conidia (Fig. 3). Sclerotia begin to form in about a week and the 
colonies then gradually turn a light brown. The following is a technical 
description of the fungus as it develops on 2 per cent dextrose-potato agar. 

Mycelium hyaline, septate, variable in diameter, the branches sometimes 
constricted slightly at the base; eonidiophores erect, arising directly from 
the mycelium or sometimes from sclerotia, septate, simple or with numerous 
short side branches ending in globose swollen strnetnres that bear conidia 
on small sterigmata; sterigmata attaining half the length of the spores or 
shorter,* conidia continuous, hyaline, wdieii single, but smoky gray in mass, 
standing close together to form dense heads; conidia ovate to ellipsoidal, 
usually finely apiculate at the base, 10-18 x 6.8-10.5 average 11-14. x 
7-9 [i; sclerotia white at first, becoming black at maturity, oval on top, 
flattened at the base, usually from 1 to 2 mm. in width but ranging from 
mere specks to 3 mm. (Fig. 3, B), germinating to produce conidiophDres or 
to form a mycelium; attachment organs not formed in contact with Petri 
dish. 

Cladosporium malorum, n. sp. Colonies on 2 per cent dextrose-potato 
agar, and Czapek’s-solution agar, a Eoman green (Eidgway’s color stand- 
ards), dense, with fluffy surfaces (Pig. 1, B), attaining a diameter of 60-65 
mm. in 10 days when grown at 25° C. Hyphae are hyaline at first, becom- 
ing light olive ; from 2 to 5 p in diametei', branched, septate at short inter- 
vals, not constricted at the septa. The eonidiophores are simple, septate, 
colored as the hyphae, and short. The conidia are light olive, oblong-cylin- 
drie with rounded ends, smooth-wmll, mostly continuous, many 1-septate, 
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Pig. 4, Drawings of Cladosporinm-like forms from apple rots. A, Conidia of 
S^ormodendron cladosporioides ; B, mature conidia of C. malorum; C, young conidial 
chains of the same species j D, conidia of MycospJiaerella tulasnei; isolated aseo- 
spores of M. tulasnei; P, two asci of this species containing ascospores. 
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produced in long branched chains. Each eonidium arises as a bud on that 
immediately behind, so that the youngest eonidimn is at the distal end of 
the chain. The spores are 10-21 x 3-5 |j, the average being 14.7 by 3.6 p 
(on the basis of 100 spores), [Fig. 4, B, 0). 

. Inoculation experiments showed that the fungus is capable of producing 
decay of ripe apples. At 20-25° 0., dark brown lesions 20-30 nim. in 
diameter were formed at the end of 14 days. The rotted areas are fairly 
firm, and the affected tissue is light brown, rather dry and spongy. The 
original form was recovered from tissue plantings made from the advancing 
edge of such lesions. At 0° C., the fungus develops very feebly on the 
apple, producing small spots at the points of inoculation, which do not 
spread to cause decay. Although inoculated apples were incubated for 5 
months at this temperature, these spot lesions did not advance beyond 10 
mm, in diameter. The fungus is able to grow on culture media at this tem- 
perature, however, producing colonies that attain 35 mm. in diameter at 
the end of 2 months. Such colonies are loosely fluffy and produce very 
few spores. 

MYCOSPHAERELLA. TULASNEI AND CLADOSPORIUM SPECIES 

In the present study fungi of the Cladosporium-Hormodendron type 
were repeatedly isolated from small, brown to black, firm, shallow lesions 
developing in apples in cold storage. The lesions did not exceed 20 mm. 
in diameter and occurred invariably at breaks or injuries to the skin of the 
fruit, such as bruises, stem punctures, insect injuries, or scalded areas. The 
morphology of the various isolations was studied from colonies developed 
from single spores. Eleven strains or species were recognized, possessing 
fairly constant characters when grown more than a year on culture media. 
Of these only three "were found capable of causing decay when inoculated 
into apples, as follows : 

1. Cladospornmi malorum described above as a new species. 

2. CU^adosjwrmm herharitm Lk. Colonies very dense with scant 

development of aerial hyphae, conidia variable in size and 
shape, 0-3 septate, with roughened walls in branched chains 
(Fig. 4, D). 

3. Hormodendron cladosporioides. Similar to No. 2, but conidia 

smaller; 0-2 septate, smooth (Pig. 4, A). 

Although types 2 and 3 have been considered by various writers as stages 
of the same fungus, it should be emphasized that with frequent transfers 
and growth at varying temperatures for a period of 3 years, they retained 
their specific characters. No. 2 developed a peritheeial stage, identified as 
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Mycosphaerella iulamei Jane., but No. 3 could never be induced to form 
peritbecia. 

In 1894 Janezewski (5) described one form of GladoS'porimn herhantni 
as belonging' to the life cycle of Mycosphaerella iulasnei^ but no con- 
flrraation of an ascigerous stage of G, herharum, since that first report, has 
been found in any of the literature studied. This early discovery of 
Janezewski appears to have been either ignored or received with some doubt 
by modern writers. The definite confirmation of this report should be of 
interest. 

Mature perithecia were produced in small numbers on culture media 
such as corn -meal agar or potato-dextrose agar, when held at low tempera- 
tures for long periods, but more abundantly on sterilized wheat leaves inocu- 
lated with spores of the Cladosporium stage and incubated at 8-10° C. for 
a period of 6 months. These perithecia agreed, in general, with those 
originally described by Janezewski. 

Single ascospores were isolated and grown in culture, with the resulting- 
colonies similar in all respects to the original colonies grown from single 
conidia. There seems little doubt that this form isolated from the apple 
is the same as the species described by Jauezewski, although he reported 
somewhat larger perithecia and larger asei. At the end of 6 months the 
perithecia on sterilized wheat leaves were black, with thick wall, typically 
broadly flask-shape with a short neck, and partially embedded in the leaf 
tissue, 150-250 p high by 100-150 wdde. The asci are cylindrical, slightly 
tapering at the ends, 80-120 x 15-20 p ; ascospores hyaline, bicellnlar,. 
18-28 X 6-8.5 p (Fig. 4, E, F). 

ADDITIONAL NOTES 

In 1928 Newton (8) described a new species of Pleospora from decaying 
apples in the Pacific Northwest and named it Tleospora mxili Newton. The 
conidial stage was classified as a Stemphylium. Pleospora mail Newton 
should not he confused w-ith P. mali Hesler, an entirely different species, 
recently deseribecl as the perfect stage of Eendersonia mall Thiim (4). 
Since the published description of P. mali Hesler antedates a few Jiioiitlis 
the account by Newton, the specific name given by Newton to the apple- 
rotting Pleospora must he considered invalid. Pleospora fruelivda (Nev- 
ton) Euehle is proposed for the species described by Newton. 

A fungus of the Microdipiodia type has been obtained several times from 
small, dark brown, firm lesions (20 mm. or less) occurring at punctures. 
Cultures on potato-dextrose agar fruit readily, especially at temperatures 
of 10-15° C. The colonies at first are white, but soon become olive brown, 
with white advancing border. The aerial mycelium, which is white at 
first, becomes dark browm wuth age and is partly united into small compact 
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strands consisting usually of 4-6 hyphae. The pycnidia are scattered, or 
sometimes in groups of 2 or 3, snbglobose, nonostiolate, dark brown, 100- 
230 p in diameter with thin, easily ruptured walls 2-3 cells thick. The 
pycnospores are light to dark browm, usually 1-septate (oceasionally 2-3) 
oval to oblong with rounded ends, smooth wall and 9.5-15.5 x 6. 9-9.5 p. 
Inoculation of ripe Jonathan apples at laboratory temperatures gave brown, 
firm, shallow lesions which reached a diameter of 25 mm. or less in 60 days. 
No pycnids were formed on the fruit lesions. No records of the previous 
occurrence of a Microdiplodia causing apple decay have been found. 

A species of Epicoecum, agreeing closely with E. granulaUim Penz., 
was obtained from a dark rot on a Eome Beauty apple. "When inoculated 
into ripe Jonathan apples it produced a firm, rather dry, reddish brown 
rot in which cavities were sometimes formed, both in cold storage and at 
20° C. In cold storage the lesions were 10-35 mm. in diameter after 5 
months, while at the higher temperature they were 20-25 mm. in diameter 
after 2 months. The affected tissue was sometimes reddish brown and dry, 
but ill larger lesions it w^as soft, moist and bright red. No species of 
Epicoccum have been previously reported as capable of causing decay in 
apples. 

Several fnngi have been isolated from apples which have not been 
assigned to definite species. These appear to be distinct from species of 
these genera previously recorded as affecting apples, but it has not seemed 
advisable to give them specific rank until they can be given a more detailed 
study. The isolations falling in this class are : 

Phoma Nos. 1 and 2. 

Coniothyrium Nos. 1 and 2. 

Oospora sp. 

Alternaria Nos. 3, 4, and 5. 

Fusarium Nos. 1 and 2. 

Eamnlaria No. 2. 

Florida Citrus Experiment Station, 

Lake Alfred, Fla. 


literature cited 

1. Buchanan, R. E. Morpliology of the genus Ceplialosporimn, with description of 

a new species and a variety. Myeologia 3: 170-174. 1911. 

2. Gardner, M. W^. Sporotriehmn fruit spot and surface rot of apple. Phytopath. 

19: 443-452. 1929. 

3. Heald, E. D., and R. Sprague. A spot-rot of apples in storage caused hy Botrytis. 

Phytopath. 16: 485-488. 1926. 

4. Hesler, L. R. The perfect stage of Eendersonia mali. Myeologia 19: 222-227. 

1927. 



1152 


Phytopathology 


[VoL. 21 


5. JanczewskIj B, Cladosporium lierbarum i jego najpospolitsze na zbozu towarzysze 

(Reclierclies sur le Cladosporium herbarum et ses compagnoiis habitiiels siir les 
cereales) Bui. Internat. Acad. Sei. Cracovie 27: 187-208. 1894. 

6. Kidd, M. N., and A. Beaumont. Aj^ple rot fungi in storage. Trans. Brit. Myeal. 

Soc. 10: 98-118. 1924, 

7. Linbau, G. Babeiiborst ’s Kryptogamen Plora 8 : 100—101. Eduard Kumnier, Leip- 

zig. 1907. 

8. Kewton, G. a. Some fungi of tlie Stempliylium type and their relation to apple rots. 

Phytopath. 18: 565-578. 1928. 

9. Ox-DEMANs, C, A, J. A. Eniimeratio Systematica Pungorum, Vol. III. Martiiius 

Nijlioftj The Hague. 1919. 



A COMPARISON OF PSEUDOMONAS PRUNICOLA WITH A 
CANKER-PRODUCING BACTERIUM OF STONE- 
FRUIT TREES IN CALIFORNIA 

E. E. WlLSDNl 
INTRODXJGTIOISr 

111 1928 Wormald (8) described a wilt disease of the green shoots of 
plums in England, and later (9) presented proof that this disease is caused 
by a bacterium, to ‘which he gave the name Pseiidomonas prunicola^ n. sp. 
The organism differed in major characteristics from Bacillus spongiosiis 
Ader. and Ruh, and from Baciermm {Pseudomonas) primi E. F. Smith. 
It also differed in certain details from Pseudomonas cerasi Grif., as de- 
scribed by Griffin (6) and Barss (2). 

The present paper describes the results of a comparative study of 
Pseudomonas prunicola Wormald, with an organism found commonly asso- 
ciated with a gummosis of stone-fruit trees in California. The latter organ- 
ism possesses distinct pathogenic abilities but does not possess the cliromo- 
genic ability attributed to Ps. cerasi. Due to this difference and the fact 
that a second type of organism has been found that does possess the chromo- 
genic ability, the writer prefers, for the present at least, to designate his 
organism as 357. These points will be discussed more in detail in the body 
of the paper. 

Dr. Wormald kindly fiumished the writer with a culture of Pse^ldomonas 
priinicola. The culture of 357 was obtained from blighted apricots buds 
during the winter of 1929-30. 

MORPHOLOGICAL AND STAINING STUDIES 

Both Pseudomonas cerasi (6) and Ps. primicola (9) are described as 
rods motile by 1 to 3 polar flagella and commonly occurring in pairs. The 
former is reported to be from 1.5 to 2.4 p long by 0.5 to 0.84 p wide ; the 
latter, 0.9 to 2,5 p long by 0.3 to 0.5 p wide. 

Ill the present study 357 and Pseudomonas primicola were growm com- 
jiaratively on beef-extract agar. Smears taken at 48 and 120 hours were 
stained ivitli safranin. Table 1 presents the results of measurements by 
tw^o persons. Only those cells were measured that sliow^ed neither a con- 
striction nor a transverse separation. In this wa^', errors arising from 
measurements of cells in the process of division or of connected cells were 
minimized. 

The data of table 1 show no consistent difference between the size of the 
tw^o organisms. The differences obtained by the tw’o observers of measure- 

1 The writer wishes to acknowledge his indebtedness to Professor P, E. Smith for 
advice and criticism. 
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inents of cells in tlie same smears were probably incidental to their abilities 
to estimate fractions of a space on the ocular micrometer. 

■Wormald (9) states that Pseudomonas prnnicola may at times become 
linked together in long chains, a characteristic which has also been noted 
for 357. The phenomenon occurred in beef-extract agar cultures of 357, 
which had been growing at room temperature for 120 hours. When such 
chains were stained with methylene blue, it was seen that the organisms 
were held together by a common hyaline sheath. 

Wormald (9) found that Pseudomonas primicola was slightly Gram 
positive if he used either the method of Eyre or those methods outlined in 
the S. A. B. Manual. In the present work, smears of 357 and Ps. 2 yi'umicola 
grown on beef-extract agar were taken at intervals and stained by the 
aniline-gentian-violet method outlined in the S. A. B. Manual. Although 
both organisms retained some of the gentian violet, the method was deemed 
unsatisfactory, inasmuch as the stain was precipitated as particles over and 
around the cells. When the procedure was modified by washing the smears 
in water between steps, this precipitation did not occur, nor did the cells 
retain the stain. 


TABLE 1. — Measurements ty two persons of SS7 and Pseudomonas prunicola grown for 
different lengths of time on heef -extract agar 


Organism and 
age in culture 

Observer No. 1 

Observer No. 

2 

Extremes 
of length 

Extremes 
of width 

Average 
lengtli and 
•width 

Extremes 
of length 

Extremes 
of width 

Average 
lengtli and 
width 


Microns 

Microns 

Microns 

Microns 

Microns 

Microns 

357: 







48 hours 

1.1--2.0 

0.5-0.7 

1.8 X 0.7 

1.1-2.8 

0.5-0.7 

1.6 X 0.7 

120 hours 

0.9-2..3 1 

1 0.5-0. 7 

1.7 X 0.5 

0.8-2.8 

0,5~0.7 

2.2 X 0,7 

Ps. prunicola: 





i 


48 hours 

1.1-2.8 

0.5-0.7 

2.1 X 0.7 

1. 1-3.2 

0.5-0. 7 

1.9 X 0.5 

120 hours 

1.1-2. 8 

0.5-0.7 

1.8 X 0.5 

1.3-2. 8 

0.5-D.7 

1.8 X 0.0 


CULTURAL STUDIES 

Pigmeni production . — Wormald (9) did not consider Pseuclomanas 
■prunicola to be identical witli Ps. eerasi inasmueli as the latter was reported 
to produce a green pigment, while the former produced a lemon-yellow pig- 
ment, which diffused through the medium, leaving the mass of organisms 
uncolored. 

The various workers on the gummosis of stone fruit are not definite as 
to the chromogenesis of the organisms they found causing the disease. 
Grifhn (6) (see also Barss, 2) states that the greening of a number of 
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media was a eonstaiit characteristic of Pseudomonas cerasi. Barss (2) 
did not report results of his cultural studies hut was evidently in accord 
with Griffin on this point. Barrett (1) does not give the cultural char- 
acteristics of the organism he found to he the cause of apricot and plum 
gummosis in California. Goldsw’orthy (5), working in California, reported 
a fluorescent and a nonfluorescent type capable of producing gnminosis. 
The fluorescent characters was not constant. Wliile the two types w^ere 
indistinguishable by cultural tests he was able to show that they prod.ucecl 
specific agglutinins in experimental rabbits. Smith and Fawcett (7) 
state that their isolation of Ps. cerasi differed in its utilization of lactose 
and maltose from that reported by Griffin but do not mention pigment 
production. 

The organism (357), wffiich has been found in the present study to be 
most common in gummosis cankers, produced a yellow rather than a green 
discoloration in beef-extract media. On potato-glucose agar only a slight 
yellow tinge appeared after the organism had been growing for a number 
of days. This characteristic on potato glucose distinguished 357 from a 
second type (506) , which has been found less frequently. On this medium, 
and to a lesser degree on beef-extract media, the second type produced a 
brilliant yellowfish green pigment (approaching an apple green by reflected 
light; Ridgw^ay-) that possessed fluorescent qualities. This type has pro- 
duced gumming cankers upon being inoculated into plum and apricot trees 
and has been recovered from such cankers several months later. 

It is beyond the scope of this paper to deal wfith the importance of the 
two types in the general problem of gummosis. A more exhaustive study 
is necessary before this phase can be properly evaluated. Their existence 
has been mentioned in order to shoAV why the ■writer is unwilling to desig- 
nate the more common one (357) as Pseudomonas cerasi As shown later, 
357 also differed from Ps. cerasi in its utilization of lactose and maltose. 

In a series of tests 357 and Pseudomonas prunicola w^ere similar in type 
of growth and discoloration of beef-extract media. After 7 to 10 days the 
medium ■was changed to a lemon-chrome or lemon-yellow (Ridgway^) . 

In a medium composed of 0.5 gm. ammonium dihydrogeii phosphate, 
0.2 gm. potassium chloride, 0.01 gm. calcium chloride, and 10 gms. succinic 
acid per liter and adjusted to pH 7.0 with sodium hydroxide, both organ- 
isms produced a characteristic greenish yellow color. "While the color did 
not possess marked fluorescent qualities by daylight examination, it would 
probably fall into this category. 

2 Uidgway, Eobert. Color standards and color nomeiiclatiire. Waskington, D. C. 
1912 . 

3 Op. cit. 
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I^seudonionas prunicola' differed from 357 in these tests only in becom- 
ing somewhat flocculent by the 6th day, wliile 357 remained evenly sus- 
pended. 

TJtilkaiion of nitrates . — Following the procedure outlined in the S. A. B. 
Maiinal, a study was made of the grovdli of 357 and Fseuclom onas prunicola 
on media containing nitrates. A preliminary test had failed to show the 
reduction of nitrates to nitrites. The next step was to grow the organisms 
on four different media as follows: (a) potassium nitrate -beef -extract 
broth; (b) beef -extract broth wnthout the addition of potassium nitrate; 
(c) a synthetic medium containing potassium nitrate, dipotassiuin phos- 
phate, calcium chloride, and glucose; and (d) a beef-extract broth contain- 
ing 2 parts per million of potassium nitrite. Using the reagents recom- 
mended in the Manual, ‘"a” and ''b'' were tested for ammonia, was 
tested for both ammonia and nitrites, and ^ w^as tested for nitrites. 

The tests gave no indication that either organism produced nitrites or 
ammonia. Upon applying the test for ammonia to a and b, a yellowish 
color appeared in the bottom of the tubes. This slowly changed to a green, 
which lasted for 20 to 30 minutes and then disappeared, but no blue color 
appeared at any time. There Avas evidence that both organisms "were 
capable of utilizing nitrite, as the test for this substance in d became weaker 
and weaker \intil by 96 hours no test could be obtained. 

Utilization of various earl)on compounds. — Pseudomonas cerasi was 
originally described (Barss, 2) as producing acid on lactose and maltose. 
This was expressed in terms of the titratable acidity (Puller Scale). Smith 
and Fawcett (7), basing their tests on the change in pH, have reported that 
their isolation of Ps. crra^^i produced alkali on these sugars. 

'Wormald (9) found that Pseudomonas prunieola was able to grow in 
^‘nutrient broth to which no carbohydrate had been added. The medium 
under these circumstances became more alkaline. If either glycerin or lac- 
tose was added to the above medium the bacteria caused the pH to be shifted 
towards the alkaline side. If, however, either glucose or sucrose was used 
the bacteria shifted the pH towards the acid side. 

The experience of the writer has been that, if the bacteria produce small 
amounts of acid from a given carbon source, its presence may be masked 
by the alkali produced from their action on the peptone, if peptone is used 
in the medium. Thus, it was found that in beef -extract broth with glycerin 
as a carbon source, 357 often produced alkali, while in a medium composed 
of inorganic salts and glycerin, the organism produced acid. Studies of 
the utilization of carbon compounds were therefore made on both types of 
media. 

Table 2 presents data obtained by growing the twm organisms on beef- 
extract agar with various sugars as carbon sources. The medium wms ad- 
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justed to a reaction of pH 6.5, with, "broin tliyiiiol bine as an indicator. 
Witli tlie exception of the glycerin medium, the two organisms produced 
very similar changes of pH. 


TABLE 2 . — Comparison of change in pS produced hy o57 and Pseudomonas prunicola 
in heef -extract agar containing diferent carhon sources 


Carbon source 

Organism 

Cliangea from control after stated time 

2 days 

3 days 

5 days 

8 days 

15 days 

Galactose 

Ps. prunicola 

0 

-H4- 

44+ 

+^ 

+ 


357 

H-f 

4+4- 

+++ 

+4-r 

+ 


Ps. prunicola 

++ 

+4+ 

+4-f 

+++ 

— 

Glucose 







357 

++• 

+4+ 

+4-f 

++^ 

- 

Glycerin 

Ps, prunicola 

- 

- 

0 

0 

+ 


357 

0 

+ 

++ 

-H- 

++ 


Ps. prunicola 

_ 

_ 

_ 

— 

— 

Lactose 



i 





357 

- 



— 

— 


Ps. prunicola 

4- 

1 + 

+T- 

++ 



Sucrose 







357 

4- 

0 

++ 

++ 



aOnISTo change from pH (5.5; (+) = change towards acid side; (~) = change towards 
alkaline side. 


The general appearance of the two organisms in the agar streaks was 
strikingly similar. One rather common characteristic was the occurrence 
of minute pits in the surface of the growth, Avhich resulted in a rather dull 
appearance (matte-effect) . The condition did not always persist but gave 
place to a smoother and more glistening surface. The growth was rather 
flat on all of these media ; the margins were generally slightly lobed and the 
lobes, in turn, were irregularly toothed. In the case of the dextrose and 
glycerin media, the margins tended to be more entire. 

In the inorganic medium mentioned under Pigment production,” both 
organisms shifted the pH towards the alkaline side when the carbon source 
was either lactose, raffinose, trehalose, or succinic acid. When either glucose 
or sucrose was used there was an increase in hydrogen-ion concentration. 
Neither organism appeared to be able to utilize rhamnose to any great ex- 
tent, as no growth had occurred in this medium after 72 hours. Figure 1 
shows graphically the results obtained in the glucose medium. AYhile the 
curves do not parallel each other at all points, there is a general agreement 
in their conformation, in that both organisms produced a rather slow in- 
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liquid medium coiitaimiig glucose as a carbou source. Hydrogen ion 
concentration plotted against time in hours. 

crease in hydrogen-ion concentration during the first 148 hours, after which 
there was a rather sudden increase. 

PATHOGENICITY’ 

FseiidomoTKis cerasi is capable of attacking under natural conditions 
the leaves, the buds, and limbs of stone fruits (Barrett, 1; Barss, 2, 3, 4). 
It has not been reported to attack the green shoots in nature but has been 
found by Smith and Fawcett (7) to produce lesions on the green shoots of 
a rather wide variety of hosts when inoculated artificially. Even though 
natural infection of green shoots was possible, the low humidity conditions 
of the Pacific Coast during the growing season would probably militate 
against an abundance of this type of injury. 

Wormald (9) stated that Pseudomonas prunicola produced gumming 
cankers when inoculated into the limbs of plum but that these cankers 
never became large enough to girdle the limbs. He (9) further observed 
that Pseudomonas prunicola had never heen found associated ’with natu- 
rally occurring cankers on ^Svoody stems’’ of the plum hut mentions a sec- 
ond bacterium that did produce extensive natural cankers. The descrip- 
tion of the second bacterium was reserved for a later publication. 

Since Pseudomonas prunicola and 357 agreed in most of the culture 
tests used, the t'wo organisms were inoculated into the limbs of plum and 
cherry trees b}" means of a hypodermic needle. The small wounds thus 
made were covered with either vaseline or oiled paper. 
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In a series of 36 inoculations into Duarte plum on January 14, 1931, 
there was never inucli evidence of guimniing from the points of inoculation, 
hut hy February 18 depressions were noticeable around the wounds. Upon 
cutting’ into the bark definite cankers were found that were from 1 to 3 
inches long and from i to 1 inch wide. Both organisms produced cankers 
similar in all respects (Fig. 2, A, B). It was characteristic for gum to be 
exuded both from the edg’e and in advance of the necrotic areas of these 
cankers when the bark was cut. 

On January 15, 1931, 20 inoculations were made into young German 
Mazzard cherry trees, and 36 inoculations were made into young trees of 
Grand Duke, President, and Wickson plums. Neither 357 nor Pseudomonas 
pmmcola produced cankers over 1 inch long on the cherries. On the plums, 
however, both organisms had produced by March 3 cankers from 3 to 6 
inches long (Pig. 2, C, D). These cankers were similar in all respects. The 
most rapid progress had been made along the cambium. The edges of the 
cankers were generally watery or gum-impregnated, while the centers were 
dark brown. Gum-soaked streaks occurred through the phloem region and 
would often terminate in gum pockets. 

A series of 15 inoculations was made into limbs of Bing cheriy on Janu- 
ary 15, 1931. By January 25 abundant gum had been exuded from the 
point of inoculation. AVhen the final observations were made on March 5 it 
was found that both organisms had produced cankers from 2 to 3 inches 
long and from f to 1 inch wide. Ginn pockets were present at times 2 or 
more inches from the point of inoeulation. 

Organisms that agreed in all respects with those used for inoculations 
were recovered from these cankers. It was comparatively easy to obtain a 
pure cnlture by removing bits of bark from the edges of the cankers and 
dropping them into broth tubes. The same was true if such hits of bark 
were allowed to stand in sterile water for an hour or two, after which plat- 
ings were made from the water. 

SUMMARY AND DISCUSSION 

A comparative study has revealed that Pseudomoms primicohi re- 
sembles very closely an organism, designated in this paper as 357, wdiieh 
produces a gummosis disease of plum and apricot trees in California. 

The latter organism differs in certain cultural details from Ps. cerasi, 
the reported cause of gummosis of cherry trees in Oregon. 

A second type of organism (506) is noted in California, which resembles 
Ps. cerasi more closely in chromogenesis. It is also capable of producing 
a gummosis type of canker on plum and apricot. More detailed work is 
necessary to determine the relationship of the two types to each other and 
to Ps. cerasi. 
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The work of Goldsworthy (5) is cited as indicating that two very similar 
organisms may cause gummosis of stone-fruit trees. Since this worker 
failed to report the cardinal features of his organisms it is impossible to 
compare them with those found in the present work. It is possible that the 
organism designated in this paper as 506 is identical with Goldsworthy’s 
fluorescent type. The organism designated 357, however, does not appear 
to be identical with Goldsworthy’s second type, inasmuch as the former 
produced a fluorescence in certain media, while the latter is reported to be 
nonfluorescent. 

With the information at hand regarding Ps. cerasi and according to 
the general concepts of species limits, Wormald was probably justified in 
creating a new species. In view of the situation set forth in this paper, 
however, the writer hesitates to accept it as a new species until further work 
has been done to prove its relationship to Ps. cerasi. 

Division of Plant Pathology, 

Branch of the College of Agriculture, 

Davis, California. 
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CORYNOSE TWIG BLIGHT OF THE AMERICAN BLADDER NUT, 
STAPHYLEA TRIPOLIA 

W . H . Davis 

For the past three growing seasons, blighted twigs bearing fruiting 
bodies of a Coryneum have been observed on shrubs of the American blad- 
der nut, Staphylm irifolid L. Sinee no reference to this disease was found 
in our best host indexes and available literature, an investigation was be- 
gun in the spring of 1930 with a view to answering the following questions : 

1. Is this Coryneum the pathogen causing the twig blight? 

2. How’ prevalent and injurious is the disease? 

3. When and where does infection occur? 

4. What is the Latin binomial of the fungus ? 

5. Is there an aseogenous stage? 

6. Prom a study of the life history of the fungus, what methods of its 
control can be recommended? 

SYMPTOMS AND SEASONAL OCCURRENCE 

The first symptoms of the disease resulting from new infection during 
the current year W' ere observed in August. These symptoms w-ere a dying 
of the tips of the youngest twigs or the ashen gray color of the nodes. 
Later, however, lower nodes on infected twigs assumed a cartridge buff, 
the young buds died or failed to appear, and areas at internodes often as- 
sumed a cinnamon rufous hue. The infection sometimes advanced to a 
node where the Roman green color of the healthy bark could be easily dif- 
ferentiated from the buff of the infected area (Fig. 1, I). At this point, 
the tissues in the diseased area often contracted and wuinkled so as to leave 
a raised girdle around the twig between healthy and diseased tissues. The 
girdle appeared as a collar varying from a fine line, 0.5 mm. to 5 mm. in 
width (Pig. 1, I, 3). Furthermore, the organism, which generally entered 
at the nodes, advanced along both the longitudinal and radial axes of the 
stem but its longitudinal advance generally was halted at branches or at 
the beginning of the current year’s grow'th. Furthermore, the organism 
advanced from younger twigs into older ones that often died during or at 
the close of the growing season. The disease appeared to advance during 
early winter, when more diseased tAvigs Avere observed than at the close of 
the growing season. As a final result, 30 per cent of the current year’s 
tAAdg growth Avas killed on some shrubs. 

In 1930, the fruiting bodies or acervuli w^ere first observed on newdy 
infected aa^oocI during September. Acervuli formed around that portion 
of the tAvig recehing the initial infection or near the node. These acervuli, 
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Fig. 1. Coryneuin microsiictmn var. staph’ifleae. A. Vertical section of avi acer- 
Tuliisj 1, epidermis of the host; 2, selerotial cells; 3, eortical tissue; 4, immature 
conidium; 5, coiiidiophore about to form a conidiuni; 6, inature eonidimm B- Acerviiliis 
on hark of host; 1, margin of the brown, ^ ^ oily ^ ^-appearing bark; 2, recurved ei)idermis; 
3, eonidia; 4, rift in the bark. C, D, E. Vertical sections of acervuli; C, saucer-shape 
or flat before rupture of the ex>idermis; D, with epidermis ruptured; E, the long conidio- 
phores projecting through the ruxDture make the aeervulus appear conical. F. Conidia; 
1, 2, hyaline pedicellate cell; 3, septum. G. Conidia germinating in water; pedicillate 
cell, 1, not germinating, but with cell next to it; 2, germinating and pushing it aside; 
3, cross walls; 4, branches. H. Leaflets; 3 weeks after inoculation; 1, 2, 3, circular 
lesions. I. An infected twig; 1, aeervnli; 2, limit of diseased bark; 3, collar between 
healthy, 5, and diseased bark, 2 ; 4, wrinkles in the diseased bark ; 6, node. J. Pith cells 
from diseased twig hand-sectioned and stained with laeto-phenol containing acid green: 
1, cells; 2, mycelium; 3, haustorium; 4, intercellular hypha; 5, hyplia p)enetrating a cell 
wall; 5, intracBllular hypliae. 
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when observed by aid of the hand lens, appeared as black, slightly raised, 
circular areas averaging 0.5 inin. in diameter, arranged singly but numer- 
oils and in close proximity or gregarious (Fig. 1, I). Bark peeled from 
1 cm. along the longitudinal axis of a diseased twig contained 158 acervuli. 

Acervuli that had remained in diseased twigs during the winter often 
appeared ashen gray and bore longitudinal rifts through the center (Fig. 
1, B, C, D, E). However, some acervuli raised the epidermis of the host 
and might have been mistaken for the beaks of perithecia. Sometimes, 
small areas around the rifts of acervuli and the surface of the twig were 
an ashen gray, while the acervuli w^ere of a red (tawmy) color, which often 
disappeared as the growdng season advanced. This change of color was 
most noticeable in old stems that had become infected by the fungus ad- 
vancing from younger twigs. 

Typical springtime symptoms on twugs of the previous year’s growth 
were ashen gray bark with shrunken surface in wdiich were slightly raised, 
black, gregarious acervuli. Matured acervuli were somewhat elliptical in 
shape, with longitudinal slits through which the honey-color spore masses 
could be observed. 

Acervuli were also observed on infected, dried wmod exposed by the 
shrinking and wdtlidrawal of the diseased bark. 

Conidia were formed during late summer and early autumn in the ma- 
jority of the acervuli examined. Here they passed the wdnter and during 
the springtime (April and May), the epidermis of the host covering the 
acervuli cracked and the conidia were exposed to the air for dissemination. 
Few of the conidia, formed in the autumn of 1929 and 1930, germinated 
during those autumns but 90 per cent germinated during the spring 
(March, April, and May) of 1930 and 1931 (Fig. 1, G). 

PATHOLOGICAL ANATOMY 

Hyphae of the specific Coryneum involved in this study were located in 
medulla, xylem, and cortex of infected stems examined during the late 
spring and summer. Hand sections showed that hyphae in the pith were 
both inter- and intracellular (Fig. 1, J) and that they often traversed the 
medullary rays. Hyphae advanced nearly 8 inches in one inoculated twig 
during 8 months of incubation. Hyphae also were located throughout the 
pith of ‘‘water sprouts” that had grown 2 feet in length during the current 
year. This, however, might have been due to hyphae advancing from sev- 
eral and not from one nodal infection. 

During the winter of 1930-1931, experiments were perfonned to deter- 
mine whether mycelium remained viable within wood of the American 
bladder nut or only the conidia survived the northern- winter conditions- 
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Young twigs infected during 1930 and infected twigs of Yarious ages 
were removed from shrubs during November, December, January, February, 
and March. Each of the five lots were disinfected with formaldehyde and 
washed in sterile water and portions of tissues removed from pith, wood, 
and hark of both the diseased and the healthy wood near, remote, and at the 
last visible point of infection. These portions were transferred to potato- 
dextrose agar under aseptic conditions and incubated at 20° C. 

The results showed that the hyphae remained viable in nearly all the 
diseased twigs during November; in 10 per cent of the old twigs during 
December and January. Viable hyphae were also cultured from old twigs 
collected in February and March. 

Thus, the hyphae of the organism remained viable, during the winter of 
1930, in the older twigs of the bladder nut but not in yotuig ones including 
the water sprouts. 


ISOLATING AND CULTURING THE FUNGUS 

Single conidia were isolated on April 25 and monosporous cultures were 
incubated at 22° C. on potato-dextrose agar in Petri dishes and test tubes. 
Furthermore, transfers of the fungus were made on steamed rolled oats and 
yellow corn meal in 500 cc. flasks. 

The spores germinated readily and the fungus grew rapidly on each of 
these three media. Acervuli containing viable conidia were observed in the 
flask cultures on corn meal in 18 days and on rolled oats in 32 days after 
the transfers were made. 

At first, the mycelium growing on potato-dextrose agar w^as a grayish 
white; after 3 to 5 days it changed to a light gray, then became a flesh 
color, rufous or chestnut hrowm, but finally became a dark sepia or black 
when old. 

The growth wns somewhat strict and rugose and formed a pellicle on 
which w’ere acervuli. Acervuli were most numerous on the sides of the 
flask cultures facing the sunlight. The fungus grew faster and sporulated 
sooner on steamed corn meal, wdiich was considered the best culture medium 
tested. The culture on steamed rolled oats, how^ever, remained viable for 
9 months, the longest period observed. 

On May 14, the buds on Staphylea trifolia had formed young leafy 
stems 4 to 6 inches long. Young twigs and leaves in this condition w^ere 
inoculated with a composite suspension of spores removed from three inono- 
sporons cultures, together with a small amount of mycelium. The inocula- 
tions were performed on shrubs outdoors and the inoculum placed on (a) 
punctured stems at leaf axils; (b) unpunctured stems at leaf axils; (c) 
punctured internodes and twig tips; (d) unpunctnred internodes and twig 
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tips; (e) leaves, punctured and nonpunetured; (f) checks, punctured and 
iionpunctiired stems and noniiioculated leaves. 

Tlie surface of tlie twigs was sterilized with an 8 per cent aqueous 
solution of forinaldeliyde, washed with sterile water, inoculated, atomized 
with sterile distilled water, and then covered with oiled hags containing 
a wad of sterile, wet cotton. After 2 wrecks, the hags were removed. Fur- 
thermore, to determine the time or season during which infection occurred, 
inoculations were made later in the season, when a majority of the spores 
were discharged from the host and the plant tissues inoculated were more 
matured. The date chosen was July 22. 

During the following Novemher, acervuli in some inoculated twigs con- 
tained conidia sufficiently matured for recognition of the fungus. 

From the results recorded in table 1, it is to he noted: 

1. The fungus was pathogenic. 

2. Primary twig infection occurred in immature wood, at the leaf axils 
or nodes and at the tips or in meristematic tissues. 

3. Infection did not occur at the internodes, even when they were punc- 
tured. Further ohservations showed that the inoculating wounds were 
generally healed without the symptoms of the disease appearing during the 
current year. 

4. Leaves seldom, if ever, became infected while attached to the plant. 

5. Puncturing was not necessary for infection. 

6. Meristematic stem tissues, under favorable conditions, were most sus- 
ceptible to infection. 

Furthermore, incised leaves also were inoculated. The surface of the 
leaflets was sterilized and washed in sterile distilled water, and the leaves 
placed in Coplin breeding jars, lined with damp filter paper. The inoculum 
consisted of both spores and mycelium removed from each of three flask 
cultures and mixed with sterile distilled water. This inoculum was spread 
on the leaflets as follows: upper and under sides; punctured and nonpunc- 
tured surfaces; and at midrib, base, tip, and margin. The inoculated 
leaflets, together with the checks, were incubated at 25° C. After 2 weeks, 
small circular ash-color lesions, bordered by wine-color margins, appeared 
on two of the inoculated areas (Pig. 1, H). After 4 weeks, some of the 
inoculated leaves turned a brownish black and rotted, while the checks 
were intact but chlorotic. In no ease were acervuli or conidia observed on 
these inoculated leaves. This experiment w^as repeated. Only growing 
twigs were substituted for the leaves and their cut surfaces were set in 
sterile, distilled water. Six weeks after inoculation, acervuli and conidia 
formed in the bark of the inoculated twigs. These two experiments, 
together with field observations, seemed to give evidence that twigs more 
than leaves favor the entrance and development of the parasite. This was 
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probably due to the larg'e amount of pith in steins for | of the 5 mm. diam- 
eter of young twigs is occupied by pith (Fig. 1, J). Here, the fungus 
seemed to meet with very little resistance in advancing along the longitu- 
dinal axis and obtained food sufficient for its healthy growth, since the pith 
cells were filled early in the season with stored nutrients that were appar- 
ently available to the hyphae. 

The hyphae overwintered in the nodes and, in the spring, advanced into 
the buds or downw^ard into living parts of the stem. The cells of the epi- 
dermis, were seldom invaded but appeared in hand sections as a somewhat 
homogeneous layer above acervuli. During the growing season, however, 
hyphae seemed to advance through all parts of young twigs once they were 
infected. 

MORPHOLOGY 

Conidia, Over 85 per cent of the eonidia observed were clavate or pyri- 
form, wliile others w’ere fusiform or elliptical. Ninety-eight per cent of 
the matured eonidia were triseptate and few or no spore-wall constrictions 
were noticeable in fresh materials (Fig. 1, F). The color of the three 
upper cells was honey yellow or ochre yellow, wdiile the lower or pedicellate 
cell was subhyaline, and, being sticky when w^et, aided in anchoring the 
conidium (Fig. 1, F and I). Measureinents of 100 eonidia, removed from 
twigs in spring condition and mounted in -water, follow: limits of varia- 
tion, 5. 1-6. 8 X 17-23 jj. Standard, 6xl9jj. Few germinated in the au- 
tuinn but 98 per cent germinated in the spring. One collection of April 
24, stored in a living, room until November 25 of the same year, germinated 
40 per cent. Conidia placed in tap water at 22'' C. foi’med germ tubes that, 
in turn, formed new conidia after 5 days' incubation. 

Conidia in acervuli were borne aerogenously, singly on pedicels which 
were hyaline, filiform, and averaged 1.3 x 19 p. How^ever, some were ob- 
served as long as 30 p (40 measured). The conidiophores in acervuli origi- 
nated from a layer of sclerotia-like, polyhedral cells which overlaid 2 to 4 
other layers. These cells became a Bismarck brown with age and formed 
a sclerotial mass; acervuli varied in shape from discoid to conical or pseudo- 
peritlieeial (Fig. 1, C, D, E). Mature, nonerumpent acervuli, -when 
measured at the surface of the host, averaged 0.6 mm. in diameter, while 
acervuli, in hand sections, varied at the base from 0.6 to 1 mm. in diameter 
and, from the unbroken epidermis of the host to the base, acervuli averaged 
350 |j (Fig. 1, A). 

Although the fungus was cultured for 7 nionths on three media of vary- 
ing acidities and on twigs of the host, no- perfect or ascogeiious stage was 
observed. None of the old twigs of the host bore an ascomycete wdiich, 
when cultured, produced a Coryneum. The fungus could overwinter as 
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perennial myceliiiin or as viable conidia in tlie host ; therefore, an asco- 
genons stage would not be neeessarj- for the completion of its annual life 
cycle. 

TAXONOMY 

At the present time fungi are classified according to their physiological, 
as well as morphological, characteristics. So, to determine definitely the 
Latin binomial of an unidentified form, both of these characteristics should 
be known. The literature at hand on the genus Coryneum yields very lit- 
tle information regarding its physiologj^, since most of the species have been 
established on morphological characters or according to the host from W'hicli 
the specimen was collected. Very few hosts other than the peach have been 
inoculated with species witliiu the genus. Furthermore, descriptions of 
species are often inaccurate and incomplete. 

Considering the fnngns entirely from a morphological standpoint, it 
compares most favorably with Coryneum microsiicium B. & Br., as reported 
by Saecardo^ and Allescher.^ The conidia are siibpyriform, 6 x 18 \.i 
(Saeeardo, 5-6.5 x 15-17 p) ; apex, obtuse ; 4 loculi, the lowermost one sub- 
hyaline, those above, honey color; eonidiophores, filiform and hyaline. 

These difierenees, however, were noted; stroma present, not obsolete; 
eonidiophores, 1.3 x 19 |j, not 1.5 x 20-25 |j. Yet, a few were 30 jj in lengt]i, 
but they bore no viable conidia; Staphylea, an iinreported host. 

Until more information is available regarding the physiology and para- 
sitism of the genus Coryneum the following classification for this parasite 
is suggested: Coryneum niicrostictum B. & Br. var., staphyleae. Host, 
Staphylea trifolia L., and the disease commonly known as Corynose twig 
blight. 

CONTROLS 

No definite spraying and dusting program w^as attempted. Smith- ree- 
ommended a 20-20-200 Bordeaiix spray for controlling Coryneimi beyer- 
inkii Oiid., which parasitized peaeli trees in California. This should be 
applied in the fall and, again, just before the buds open in the spring. 

Just as the bud scales of Staphylea opened in the spring under New 
England conditions, the conidia were disseminated from the old infected 
twigs and germinated best. So it would seem that any suitable spray 
applied at this time wuuld be most eftective in killing these conidia. Since 
initial infeetioii takes place in meristematic tissues the spray, to be most 
effective, should be placed on these tissues. However, if the twigs bearing 

1 Sacearilo, P. A. Sylloge fmigoriim. 3: 774-775. 1884. 

sAllesclier, A. Pimgi imperfeeti. la Rabenhorst Krypt. Flora. Abt. 7; 640-641. 
190S. 

3 Smith, R. E. California peach blight. Calif. Agr. Exp. Sta. Bill. 191. 1907, 
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viable conidia and perennial mycelinm were pruned and burned, prefer- 
ably in the autumn, the greatest source of infection would be removed, and 
this would seem to be the simplest and most effective control method. 

SUMMARY 

1. The American bladder nut was parasitized by a Coryneum, which, 
in one case, caused death to ^ of the current year’s twig growth. 

2. The disease was prevalent in the Connecticut Valley of Massachusetts. 

3. The greatest injury occurred in the young twigs as a twig blight. 

4. Acervuli, containing viable spores, were formed in the autumn, over- 
wintered in twigs, and disseminated their viable conidia in the spring. 

5. Inoculation experiments showed that infection occurred at the nodes 
and tips of the meristeniatic stem tissue during the spring. 

6. Mycelium of the Coryneum remained viable in some of the old stems, 
on shrubs, during the winter of 1930-1931. 

7. Goryneum microsiicium B. & Br. var. Afap/iyZeae is suggested as a 
Latin binomial with a varietal form; common name of the disease, Corynose 
twig blight. 

8. No ascogenous stage was observed in the cultures. 

9. To control the disease, the dead and diseased twigs should be so 
pruned that the cuts remove any perennial mycelium residing in them. All 
pruned rubbish should be burned at once, since the conidia may remain 
viable within incised twigs for 7 months. 

Massachusetts State College, 

Amherst, Mass. 




WATER BLISTERING OP AVOUND DRESSINGS 

Eush F. Marshall 


Tlie painted surface frequently blisters when large, freshly made cuts 
on trees are painted thickly with tacky, impervious materials, such as heavy 
tar or asphalt (Fig. 1). This is ]Darticulaiiy true when the material used 
does not adhere well to wet wood. While wound dressing may blister from 
other causes, the trouble appears for the most part to be produced by 
moisture, which collects between the wood surface and the protective skin 
of paint in the form of -water blisters of variable size. In time these 
blisters tend to break and, so, furnish points of entrance through which 
insects and fungi may attack the wood. 



Fig. 1. Blistering of a heavy asphalt wo-ancl dressing. 

In determining a method of observing something of what takes place 
when a ent is covered by an impervious coating, the writer is indebted to 
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F. A. Bartlett j who conceived a plan of covering’ wounds with glass. In 
executing this plan, both large and small glass-covered wounds were made 
and observed, not with the idea that they would duplicate or parallel con- 
ditions obtaining beneath the painted surface but rather in the hope that 
the results obtained might be indicative of what took place beneath the 
paint. The experiment here described was conducted at Stamford, Conn., 
in an open stand of mixed hardwood. The upper part of the site used is 
well drained but springy ; while, in the lower reaches, where the birch and 
maple are located, the ground is wet during the greater part of the year. 
The trees selected for the larger cavities had a breast height diameter of 12 
to 14 in., and, for the smaller cavities, a diameter of 6 to 8 in. The follow- 
ing tree species were included: Acer rithrwni^ L., Hicoria alha (L.) Britton, 
H. ovaia (Mill.) Britton, Betula lenta L., B. hitea Michx. f., Fagus grandi- 
folia Ehrh., Liriodendron iulipifera L., Nyssa sylvaiica Marsh, Quercits 
alha L., Tilia glahra Vent., and TJlmus americana L. 

The larger glass-covered wounds were all made very skillfully by L. 
Strout. The first 4 of these were put in during April, 1927, and 7 addi- 
tional ones added during 1928 and 1929, making a total of 11 of the larger 
cavities. These wounds were made in sound -wood at breast height on the 
trunk. They were 12 to 14 in. long, 6 to 8 in. wide, and were dug 4 to 6 in. 
into the wood. They were shaped as are cavities ordinarily employed by 
tree surgeons. In executing the work, the window glass used to cover the 
opening was first cut to form a lenticular pane. This was held against the 
trunk with its axis parallel to the axis of the tree and its outline traced on 
the bark with chalk. The area of "wood within this line was then chamfered 
out to form a fiat face so that the glass could he set into the opening to about 
i in. below the cambium line. Next, leaving a i-in. shoulder to support 
the pane, the center of the area was chiseled out to form a regulation cavity. 
The outer edge of the cut w^as sealed with surgeons’ tape and then covered 
with fitted strips cut from asphalt roofing paper. The edge and shoulder 
were then faced deeply with asphalt putty and the pane put into place. 
In this way the glass was set into a more or less flexible matrix, so as to 
allow slight play during the stress and strain of the trunk, occasioned by 
wdnd. The cavity was, however, made impervious to water and air. It 
was thus possible to look through the glass wdndow and observe what took 
place behind an impervious covering (Pig. 2, A). 

The callus healed well over the edge of the glass and its growth sealed 
the wound more and more tightly. As the callus grew it clamped down 
about the glass, leaving no room for play, and the pane ultimately snapped 
with the torsion of the trunk in the high wind or from the pressure of tree 

1 Nomenelature from: Siidwortli, G. B. Cheek list of the forest trees of the United 
States, their names and ranges. U. S. Dept. Agr. Mise. Circ. 92, 1927. 



Marshall : Blistering of AYound Dressings 


1175 


growth (Fig. 2, B). In making later cavities heavy glass from automobile 
W'ind shields w^as snbstitnted for window glass, but it failed to show advan- 
tage and in spite of its greater thickness, generally broke at the end of about 
2 years. 



Big. 2, A. One of the large glass-covered wounds photographed shortly after its 
completion. The tree is yellow poplar. B. The same wound 2 years after its com- 
pletion. The callus has clamped down on the glass, and the pane has "broken. 


In order to permit similar observation on numerous trees without the 
expense of setting large glasses, or inflicting so much damage to valuable 
trees, an attempt was made to use small wounds covered with regulation 
laboratory wateh glasses. These could be set within a few minutes at little 
cost and with a minimum of injury to the trees. They had the further 
advantage of permitting trees as small as 6 or 8 in. D. B. H. to be nsed. 
The modifled wound was bored with a bit. It was started with an exten- 
sion bit, set to cut a 2-in. hole. This was drilled deeply enough to remove 
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about i in. of sapwood. Boring was then continued almost entirely 
through the trunk, using the l^un. auger. The hole was then centered to 
the far side of the trunk with a 4-in. twist drill. When the point of the 
small drill came through on the far side of the tree, the extension bit wa.s 
again used to bore out another 2-in. hole i in. deep, this time on the far 
side of the trunk. In this way a 14-in. anger hole passed entirely through 
the trunk and was faced with a shallow 2-in. hole on either side. Two-incli 
watch glasses were set into these 2-in. openings with either asphalt putty 
or grafting wax (Fig. 3, A). 



Fig. 3, A. One of tlie smaller glass-covered wounds photographed shortly after eom- 
pletioii. Note the sweating of the inner surface of the glass. The wound is in white 
oak. B. With the rise of sap in the spring some of the smaller wounds hecome partially 
or entirely tilled with liquid. The Tvound is in yellow birch. 

Although they were easily installed, and their watch-glass windows ■witli- 
stood breakage well in most cases, the smaller wounds were subject to tliree 
faults, which made them far less satisfactory than were the larger cavities: 
(1) The material used in sealing the glasses into the openings frequently 
loosened and permitted the cavities to leak. (2) The cavities were too small 
for accurate results. (3) Close observation of what took place within them 
was difficult. This latter fault was evident at the outset of the experiment 
when in several early trials the holes were bored only part way through the 
trunk and the opening closed with a single watch glass. The small size of 
the opening and the sweating of the inner surface of the glass hindered 
observation. Cavities covered by a single watch glass were abandoned in 
favor of the method already described, because the use of two glasses ad- 
mitted light, both front and rear, and facilitated inspection, particidarly 
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■wlien a flashlight was used to ilkiminate the opening from one side while 
observation was made from the other. Even then, the smaller cavities did 
not show clearly what took place at the back of the wood, since, at best, one 
could see only the sides of the auger hole. Despite their faults, 16 of the 
smaller cavities were made in 1927 and an additional 25 in 1928. 

Observation of both the large and small cavities showed that moisture 
tended to collect behind the glass coverings. This appeared to have come 
from two sources, namely: (1) Sweating, due to condensation of moisture 
from within on the inner surface of .the glass (Fig. 3, A), and (2) actual 
liquid that flowed from the wound. With the rise of the sap in the spring 
the maple and birch show^ed more or less profuse bleeding, while other 
species showed but little. In the case of the maple and birch, the watch- 
glass cavities tended to become partially or entirely filled with sap in the 
first spring following their making (Fig. 3, B) . This was particularly true 
for both the black and the yellow birch, which bled so profusely that the 
watch glasses were often forced out by the pressure under which the sap 
flowed. In the case of the large wounds the cavities were not observed to 
have become more than filled with liquid. Bleeding of the red maple 
occurred in the middle of March, while in the black and yellow birch it 
did not take place until the latter part of April. In either ease it was 



— UniODENDRON TUUP/FERA TfLfA Q LA BRA 

rA^U3 QRANP/rOUA H/CORlA OWKTA 

Pig. 4. Grraph showing an example of the daily variation of the height of liquid 
which collected in the 4 original cavitiBs made in. the spring of 1927. Note that the 
curves lack correlation. 
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of relatively short duration, and within a few weeks the sap was taken up 
ag^ain by the wood and more or less disappeared from the cavities. 

Throughout the year an unexpected accumulation of liquid was fre- 
quently evident in the larger wTjunds. It was so much less in volume than 
the spring flow that it was seldom noticeable in the smaller wounds. The 
volume of the liquid was found to vary from day to day (Figs. 4 and 5). 
Although a number of observations were made during 3 years, the writer 
was unable to account for the occurrence of this flow or to correlate it with 
either external or internal phenomena. The time it took place in some of 
the trees was not necessarily simultaneous with that of its appearance in 
others, nor did it seem to be closely connected with atmospheric conditions 
or with soil moisture. It took place in both the growing and dormant sea- 
sons and in both wet and dry weather. 

Fungus growth occurred within several of the cavities. It was not in- 
vestigated by the removal of the glasses. Observation through the glass 
seemed to indicate that, among other forms, Mucor, Penicillium, Graphinm, 
Ceratostomella, and a pink form of yeast were present. Basidiomycetes 
were not observed. 

Asid^ from the universally recognized function of protection against 
invasion of insects and fungi, no other reason is perhaps more generally 
given for the application of dressings to tree wounds than that of keeping 
out water. The well-known slogan of the painters, ‘‘Save the surface and 
you save all’’, appears to have been carried over into at least the subcon- 
scious mind of those who apply paint to trees as well as those who make use 
of it on houses. The scientist as well as the gardener has frequently been 
remiss in this regard, as is shown by the fact that articles dealing with the 
subject of wound dressings sometimes stress the importance of paint in 
keeping moisture out of the wound. 

The water that collected behind the glass in these experimental cavities 
was much greater in amount than that occurring within the water blisters 
common to thick, impervious dressings. This would lead one to question 
the statement that one of the purposes of a wound dressing is to keep out 
moisture. We all know that moisture is ever present within the wood of 
the living tree. More than that, it is possible for active bleeding to take 
place at any season of the year. This bleeding is not necessarily restricted 
to the sapwood. 

The present experiment leads us to suspect that, theoretically, the ideal 
wound dressings for heartwood will be a material, not too perfectly imper- 
vious, but rather one that will permit some passage of water from the 
wound through the dressings, thereby tending to prevent its collection be- 
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Fia. 5, A. A cavity in a beeeli made in the spring of 1928 and photographed 
shortly after completion. Note the flow from the heartwood and the collection of one 
inch of liquid. B. The same cavity photographed in the fall of 1929. Three and one- 
fourth inches of liquid were present in the cavity. 
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neath. the surface with resultant blistering. It seems to indicate that in 
using any of the many excellent tree paints, wdiieli are highly impervious, 
w^e should guard against applying the material in an unreasonably thick 
coating. 

Division op Forest Pathology, 

Bureau of Plant Industry, and 
Osborn Botanical Laboratory, 

Yale University, New Haven, Conn. 



AGGLUTINATION STUDIES ON PHYTOMONAS MALVACEAEA 
O. B. Williams and H. B. Blass i 

The present work was undertaken in the endeavor to determine whether 
or not there are distinct serological strains of the plant pathogen, Phyio- 
monas malvaceara (B.P.Sm.) Com. S.A.B., the causal organism of angular 
leaf spot of cotton. A considerable amount of serological work has been 
done on plant pathogenic bacteria, chiefly by St. John-Brooks, Nain, and 
Ehodes (11), Sharp (10), Link and Sharp (7), Link and Hull (5), Link 
and Link (6), Link and Taliaferro (8), and Goldsworthy (1), as a result 
of which it has been shown that serological methods are of value in recog- 
nizing and in separating the various species. The possibility of the exis- 
tence of serological strains within a single species, however, has not been the 
subject of any extensive amount of work. 

Fourteen strains of Phyiomonas malvaceara, isolated from field cotton 
plants by Dr. I. M. Lewis, in 1928, and tested for pathogenicity by him, 
were used for the study. These were grown at room temperature on 
nutrient sucrose agar, a medium that has been found especially suitable for 
the cultivation of this organism. It was early found that killed oi’ganisms 
could not be successfully used for the production of a high-titre serum. 
After a number of experiments with varying dosages and varying intervals 
of time between doses, it was found that an immune serum with a satis- 
factory titre could be produced in rabbits by the intravenous inoculation 
of living organisms. The method finally followed consisted of washing 
down, just before inoculation, the growth from a heavily seeded sucrose 
agar slant with physiological sodium chloride solution and then diluting 
to a turbidity approximately equivalent to 1,000 million organisms per mL 
Three doses of 0.5, 1.0, and 1.5 ml. of this suspension were given at 10-day 
intervals, folloAved by a series of 3 doses of 1.0 ml, each at 3-day intervals, 
and bleeding 5 days after the last inoculation. The pooled serum of 2 rab- 
bits immunized by this method had a titre of 1: 6,000 for the homologous 
strain (No. 45). This serum was preserved by the addition of an equal 
volume of glycerin. 

Agglutination tests with the various strains as antigens were carried out 
in dilutions of this serum ranging from 1 : 300 to 1 : 18,000, according to the 
usual methods. The tests w^ere incubated at 45° C. for 2 hours and held 
over night in the ice box before recording the results. All tests have been 

1 Since this report was suhmitted for publication there has appeared a paper by 
Horgan (Jour. Bact. 22; 287-293. 1931) in wliieli it is shown by agglutinin-absorption 

tests that African strains of this organism also constitute a serologically homogeneous 
group. 
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repeated at least 3 times. Considerable difficulty was encountered in the 
early experiments, due to spontaneous agglutination. This W'as finally 
controlled by the use of 0.45 per cent salt solution instead of the customary 
0.86 per cent. A single strain of Phytomonas howlesii Lewis & Wats, was 
included in the series, with consistently negative results. The results ob- 
tained are shown in table 1. 


TABLE 1 . — Results of agglutination tests 


Strain 





Serum 

flilutioii 



300 

600 

1,200 

1,500 

3, ODD 

6,000 

9,000 

12,000 

18,000 Control 

44 

-H-H- 

4+++ 

4-H+ 

4+++ 

+++ 

++ 

+ 

+ 

+ 

45 


44++ 

4-H+ 

44+ 

++ 

+ 




46 

-H++ 

++++ 

4++ 

4+4 

++ 

++ 

+ 

+ 

^ - 

47 

"1" 1 '1' + 

4-m- 

+4H- 

+^‘ 

+ 

+ 

- 

- 

_ _ 

48 


4+-H- 

4+4+ 

+++ 

++ 

+ 

+ 

- 

_ _ 

49 


++++ 

4+++ 

44+ 

4+ 

+ 

4 

- 


50 

-hH-t 

++++ 

+++ 

++ 

+ 

+ 

+ 

- 

_ 

51 . . 1 

+4-1- 

+-H- 

4+ 

4 

+ 

- 

- 

- 

_ - 

52 . . , 

4++ 

-H- 

4-i- 

+ 

+ 

- 

- 

- 

_ 

53 . . 

++4+ 

++++ 


4+ 

+ 

+ 

- 

- 

- _ 

54 . 

++++ 

++++ 

-HH-f 

4++ 

H-+ 

+ 

+ 


„ „ 

55 . . 

-H-t- 

-H- 

+ 

- 

- 

- 

_ 

- 

_ - 

56 

444+- 

4+4+ 

+4+ 

+++ 

++ 

+ 

+ 

- 


57 

44-H- 

+++ 

+ 

+ 


— 

_ 


_ _ 

R}\y. loivlesli 

- 


_ 

- 

- 

- 

- 

- 

- 


-H-H- = Complete agglutination. 


The variations in titre obtained suggested the possibility that serological 
strains were present, hence absorption tests were carried out. In making 
the absorptions with the nonhomologous strains the suspensions were added, 
and, after absorption and centrifuging, reabsorption was done until all the 
agglutinins were removed for the strain used. This required from three 
to four repetitions of the process. Two strains, besides No. 45, the homo- 
logous strain, were used for these absorptions, i.e., No. 44, which the cross 
agglutinations had shown to be of the highest titre, and No. 55, similarly 
shown to be of the lowest titre. Cross agglutinations of all the strains 
were made with these three absorbed sera. 

Although it would appear from the results given above that the organ- 
isms might be separated into at least two groups, one of high and the other 
of low agglutinating ability, sera completely absorbed for each of the three 
strains mentioned were also absorbed for each of the remaining strains, with 
a single exception. Strain No. 44 was agglutinated in a dilution of 1 : 600 
of serum absorbed with strain No. 45. Since it was observed, especially 
with sera absorbed with strain No. 55, that, when a serum that had been 
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incompletely absorbed was used, diiferenees in titre similar to those given 
in the tabulation were obtained, it is felt that the exception mentioned was 
due to ineoniplete absorption and is not, therefore, significant. 

discussion 

Tittsler and Lisse (12) have shown that agglutination in strains of 
Salmonella pullorum (Hettg.) Bergey et. al. is correlated with the rate of 
electrophoretic migration of the organisms in suspension, the higher being 
the rate of migration, the lower the titre obtained. This would seem to 
mean that in the present work the differences of titre in cross agglutina- 
tions depend upon differences in the charges on the organisms, since ab- 
sorptions reveal no constant differences between them. The results here 
reported show, as Krumwiede, Cooper, and Provost (3) maintain, that no 
valid conclusions can be based on cross agglutinations alone, but that ab- 
sorption tests also are necessary. Whereas earlier workers, like Hooker (2), 
found absorption tests confirmed cross-agglutination results, this has been 
gravely questioned by later workers. Differences in agglutinability may be 
present within strains of a single species, which are neither clear nor definite 
enough to provide criteria for separation of the strains into groups, as has 
been pointed out by Robinson (9). The work of Tittsler and Lisse (12) 
affords at least one explanation of these differences. 

Lewis (4) has shown that strains of Phyfomonas malvaoeara are cul- 
turally quite uniform. The report here presented indicates that they are 
also serologically uniform. 

All of the strains employed in this work appeared to be of the smooth 
type. The possibility of serological differences due to dissociation is being 
further investigated in this department. 

SUMMAEV 

It was found possible to produce a higli-titred agglutinating serum for 
PliAjtomonas nialvaceara. 

Cross reactions with heterologous strains of the same organism showed 
considerable differences in agglutinating titre, but absorption tests failed 
to establish any fundamental serological differences between the strains 
used. 

Department of Bacteriology, 

The University of Texas, 

Austin, Texas. 
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AN ANTHRACNOSE OF THE JUJUBE" 

J. J. Taubenhaus ani> Walter jST, Ezekiel 

The jujube, Zizyplius jiijiiba Mill., has been grown in Texas more than 
50 years, chiefly as an ornamental.^ The recent introdnctioii of improved 
varieties, however, has encouraged planting the jujube for its fruit. Ju- 
jubes are adapted to a variety of soils, and a crop is set, even in dry years. 

In August, 1926, a heavy premature shedding of the fruit was notieed 
in a jujube orchard near College Station, Tex. (Fig. 1, A). It was at first 
thought that the shedding might have been caused by the dry weather. 
However, some of the fruits on the ground were examined and found to be 
studded with numerous small, dark superficial spots (Fig. 1, D). Imma- 
ture as well as ripe fruits, still clinging to the trees, were similarly affected 
but the foliage and limbs appeared sound. The spots first appeared as 
small, round, dark dots ; developing into smooth or slightly sunken circular 
spots from 4 to 6 mm. in diameter (Fig. 1, B and C). In cases of heavy 
infections they frequently coalesced. The fruits on the ground were found 
to be more generally spotted than those still clinging to the trees. Section- 
ing such fruit, it was found that the interior tissues had darkened (Fig. 
1, E) to a deep olivaceous color and were permeated with fungus hyphae. 
Severely diseased fruit shrivelled and finally became mummified (Fig. 1, F). 

LOSS 

To determine the approximate loss from the disease, a count was made 
early in September of the infected fruits on 3 trees selected as representa- 
tive. It was found that 40 per cent of the fruits were diseased and had 
fallen to the ground,* 30 per cent were variously spotted but clung to the 
trees,* while the remaining 30 per cent were apparentl}^ sound. The disease 
was rather scarce during 1927 and 1928, was again destructive in 1929, and 
somewhat less serious in 1930, 

CAUSE 

Usually, no spores could be found on the surface of affected fruits; but 
when infected fruits were held in moist chambers over night they became 
covered with salmon-color layers of tyioical Gloeosporium spores. Pure cul- 
tures of a Grioeosporium were obtained from the spores and from bits of 
the interior tissues of diseased fruits (Fig. 1, H). fSpores from these cul- 
tures were used in the inoculations reported below. 

1 Published with the approval of the Direetor as Contributioii yto. 155, Technical 
Series, of the Texas Agricultural Experiment Station. 

2 Lanhani, tV. B. Jnjnbes in Texas. Texas Agr, Exp. Sta. Circ. 41: 1926. 
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!Fig. 1. Jujube aiithracaiose. A. Premature slieclding of jujube fruit due to an- 
tliracnose. B, C, and D. Aiithiaenose on jujube fruits, showing variation in size of 
spots. E. Cross-seetion tlirough infected jujube. E. Mimimied, infected jujube. G. 
Cross-section througli normal jujube. H. Gloeosporium growing from infected jujube 
tissue (Aspergillus eontamination to tlie right). 

On September 2 , apparently sound jujube fruits on the trees were in- 
oculated. Branches with healthy fruit were enclosed in large paper bags, 
sprayed with a suspension of spores, and the ends of the bags then tightly 
closed to prevent drying. Five hundred jujube fruits were inoculated in 
this tvay. By September 12, 86 per cent, or 432 fruits, showed definite 
signs of infection ^Yith symptoms resembling those found on naturally in- 
fected fruit, wdiile only 7 per cent of 390 uninoculated fruits had developed 
aiithracnose spots. 




TABLE I . — Inoculations of various fruits and roots in moist clianibers in the laboratory ^ usmg spores of the 

jujube Gloeosporiuni from pure cultures 
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Further inoculations in the laboratory are summarize i in table 1, 
Sound jujube fruits were disinfected for J minute in a solution of 1: 2,000 
mercuric chloride in 25 per cent alcohol and then rinsed several times in 
sterilized water. Some of these fruits were then inoculated through needle 
punctures in the epidermis with spores from a pure culture of the jujube 
Gloeosporiiim. Similar inoculations were made on 11 other possible hosts. 



Pig, 2. Artificial iiiocnlatiDii of various fruits with Gloeosporimii isolated from jujubes. 
A, oil pei^per; B, on apple; C, on orange; D, on Japanese persimmon; E and 
E, on jujube fruits; G, on fig; H, on tomato. 
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As listed in table 1, typical anthracnose infection was secured on tlie jnjnbe 
fruit (Pig. 2, E and P) and on apples (Pig. 2, B), figs (Fig. 2, G), grapes, 
Japanese persimmons (Fig. 2, D), sweet peppers (Pig. 2, A), tomatoes 
(Pig. 2, H), oranges (Pig. 2, C) and grapefruit. No infeetion was secured 
with radish, turnips, or squash. Prom these and the previous inoculations, 
it appears that the Gloeosporium isolated from infected jujube fruit in the 
orchard is responsible, at least in part, for the jujube disease under con- 
sideration. 

IDENTITY OF THE FUNGUS 

On oatmeal agar, the jujube Gloeosporium formed salmon-color masses 
of typical unicellular spores, but no setae ; while setae were numerous on 
jujube agar (50 gni. jujube fruits to 1,000 ec. tap ivater, steamed and 
filtered, plus 30 gm. agar). The fungus did not develop setae on artificially" 
inoculated jujubes, figs, and apples, while they were numerous on inocu- 
lated sweet peppers and tomatoes. The fungus was grown on other media 
also, but no perfect stage was found there nor on overwintered mummied 
fruits that were examined. Prom the inoculations reported in table 1, 
however, and from the behavior of the fungus in culture, the jujube Gloeo- 
sporium probably is the same as. or closely related to the Gloeosporium 
stage o£ Glomerella cmgulafa (Stoneman) S. and v. S., the cause of the 
bitter rot of apples, which has been shown^’'* to attack many of the fruits 
that were found susceptible to this jujube fungus. 

Eecent isolations from diseased jujube fruit have yielded several fungi, 
including a species of Diplodia, in addition to the Gloeosporium mentioned, 
and further studies with these other organisms are in progress. 

SUMMARY 

A serious anthracnose disease of jujube fruit, resulting in premature 
shedding, w"as found to be caused, at least in part, by a Gloeosporium. 
Normal jujube fruits, as well as apples, figs, grapes, Japanese persimmons, 
peppers, tomatoes, grapefruits, and oranges were successfully inoculated 
with spores from pure cultures isolated originally from jujube fruit, and 
the organism was recovered from the inoculated fruit. No asei have been 
found Dll infected jujube fiuiit or in culture, but iu general appearance and 
behavior the fungus appeal’s to be the same as or closely related to Glom- 
erella cingulata^, the cause of bitter rot of apples. 

Taubeiihaus, J. J. A study of some Gloeosporiums and tlieir relation to a sweet 
pea disease. Phytopatli. 1: 196-202. 1911. 

1 Shear, C. L., and A. K. Wood. Studies of fungous parasites belonging to the 
genus Glomerella. U. S. Dept. Agr. Bur. Plant Indus. Bui. 252. 1913. 




A DISEASE OP YOUNG COTTON PLANTS CAUSED BY 
SCLEPOTIUM EOLPSII" 

Waltee N. Ezekiel and J. J. Tatjbenhaus 

ScleroUum rolfsii Sacc. is wide-spread in tlie South and damages a large 
number of hosts. This fungus has been reported on cotton plants,^’ ^ which, 
however, have generally been considered resistant. The fungus has also 
been recorded as causing boll rot of cotton in Florida.^ The present paper 
reports a definite disease of young cotton plants, proved to he due to 
8. rolfsii. 

On July 1, 1929, cotton was planted in expexumental plats at College 
Station, Tex., in a field of Lufkin fine sandy loam. Following unusually 
wet weather early that summer, some of the seedlings were found dying 
apparently from the attack of Sclerotium rolfsii, and by July 28 many 
plants were dead. Before the plants were thinned, the fungus spread 
along the rows often for distances of more than 1 foot, in one instance 
killing 18 plants in a space of 9 inches along the row. This severe attack, 
limited to restricted areas in the rows, was characteristic of the disease. 
Slow spread continued until about August 20, when it was checked possibly 
by the prolonged dry weather, although the plats were watered frequently. 

Individual infected plants were readily recognized (Pig. 1, a to d). 
The fungus attacked and girdled the base of the stem; this was followed 
by rapid wilting and death of the plant. The infected part of the stem 
appeared watei’-soaked at first and then became constricted at about the 
ground level. The cortex occasionally split along the constricted area. 
Even after the upper part of the plant wilted and died, the roots remained 
unaffected and apparently normal. 

The fungus traveled from plant to plant superficially on or through the 
soil. The mycelium about the base of freshly infected plants was white, 
usually mat-like, and readily visible to the naked eye, and sclerotia charac- 
teristic of Sclerotium rolfsii were produced usually by the time the plant 
died. The sclerotia developed superficially on the base of affected plants 
and on the soil (Fig. 1, a) ; they were spheric in shape and at first white, 
becoming yellow and then brown with age. Some plants did not show the 

1 Published -witli the approval of the Director as Contribution No. 156, Technical 
Series, of the Texas Agricultural Experiment Station. 

2 Eolfs, P. H. Eeport of the horticulturist, Ela. Agr. Exp. Sta. Ann. Ept. 1896 : 

21-52. 1897. 

3 Taubenliaus, J. J. Eeeent studies on Solerotimn rolfsii Sacc. Jour. Agr. Ees. 

1&: 127-138. 1919. 

4 Walker, M. N. Cotton diseases in Florida. Fla. Agr. Exp. Sta. Bui. 214. 1930. 

1191 



1192 


Phytopathology 


[VoL. 21 



Pig. 1. ScJerotium rolfm stem rot of cotton seedlings: a, tu’o seedlings artiiiciixlly 
inoculated witli 8. Tolfsii^ b and d, naturally infected seedlings,* c, enlarged view of one 
of the plants from h; e, a mature cotton plant dying from natural infection by 8. rolf- 
mi; f/ young culture of rolfsii from a single sclerotium from i; g, right, seedlings 
aitifieially inoculated with rolfsii, and, left, uninoculated plants; li, pure culture of 
8. roI/.5ii isolated from an infected cotton seedling; i, mature sclerotia from li. 
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strands on the surface of the steins in the field hut produced a copious 
growth of mycelium and sclerotia when placed in moist chambers. 

INOCULATION 

Cultures made from surface-sterilized tissue from diseased stems, as 
well as cultures from the sclerotia, yielded growth typical of Scleroimm 
rolfsii (Pig. 1, h) and were similar to cultures of this fungus isolated pre- 
viously from infected carrots. 

Strains of Scleroiium rolfsii from cotton and carrots were grown on 
sterilized cotton stems and used in inoculations of cotton plants in the 
laboratory. Twelve containers filled with sterilized soil were planted each 
with 12 cotton seeds previously delinted with sulphuric acid and surface- 
sterilized in mercuric chloride solution. After the plants were up, plants 
in 4 containers were inoculated with the strain of Sclerotmn rolfsii from 
infected cotton plants, and plants in 4 other containers with the strain 
from carrots. The containers were covered overnight with bell jars. 
Within 3 to 5 days after inoculation, the inoculated plants wilted and died, 
while the check plants in the 4 other containers remained liealthy (Pig. 
1, g). The symptoms produced on these inoculated plants were similar to 
those observed in the field, and the fungus was readily reisolated from the 
diseased seedlings. A second series of inoculations, of somewhat older 
cotton seedlings, was equally successful and proved that Sclerotium rolfsi% 
whether isolated from cotton or from carrots, may cause a stem rot of 
young cotton plants. 

In 1928, several attempts had been made to inoculate mature cotton 
plants in another field, in connection mth other experiments. These cotton 
plants were fully grown and had already produced well-developed bolls. 
The Solerotiiini rolfsii strains used were isolated originally from carrot and 
from guar, Cyamopsis teiragonoloha L. Fresh cultures on sterilized cotton 
stems were placed next to the base of the plants, covered with moist straw, 
and water applied at intervals. No infection resulted. It is to be noted, 
however, that a mature cotton jilant found waiting in an experimental plat 
in 1930 had apparently been killed by S, rolfsii, the only organism isolated 
from it in cultures (Pig. 1, e). These experiments suggest that S. rolfsii 
probably attacks older cotton plants only rarely, although it may destroy 
young seedlings or plants ranging from a week to 10 w^eks old. 

EFFECT OP SOIL DISINFECTANTS 

The experimental plats in wdiich the disease was found w^ere being used 
in tests of the efficiency of various soil disinfectants for the control of 
Phymatotrichum root rot. On August 19, 440 plants dead or dying from 
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the attack of ScleroUum rolfsii were counted in the 30 plats of this field. 
There were some affected plants in most of the plats; how^ever, there 
appeared to be significantly fewer diseased plants in the plats in w^hicli 
various organic-mercury compounds had been incorporated into the surface 
soil than in adjoining check plats. This was the case with K-l-X, PMA_, 
Semesan, No. 664, and Bayer Dust. There were 275 diseased plants in 
7 check plats, each about 27 feet long and 20 feet wide, while only 63 
affected plants were found in the 14 treated plats, each 20 feet long and 20 
feet wide. More plants with stem rot were found in each check plat than 
in both the adjoining treated plats. On the other hand, in the 6 plats 
treated with other materials, such as copper sulphate, copper carbonate, 
and iron sulphate, there w^as no consistent decrease of infection in the 
treated plats, which in some eases had more diseased plants than in the 
corresponding checks. Stueky^ has previously reported promising results 
obtained by Higgins with Du Pont K-l-P applied about the base of pepper 
plants attacked by S. rolfsii 

SUMMARY 

A stem rot of young cotton plants w^as found to be due to the fungus 
Scleroimm rolfsii. This w’as proved by artificial inoculations of young 
seedlings growm in sterilized soil in the laboratory. Artificially inoculated 
mature plants, in the field, however, did not become infected. Fewer dis- 
eased plants occurred in field plats in which organic-mercury compoiinds 
had been applied than in the check plats. 

5 Stueky, H. P. Director's rei^ort. Ga. Agr. 'Ex\). Sta. Aim. Upt. 41; 24. 1928. 



A SCLEROTINIA LIMB BLIGHT OF FIGS^ 

J. J. Taxjbenhaxjs and Walter N. Ezekiel 

During September, 1926, a serious limb bliglit was found in many 
orchards in Galveston County, Tex., where the Magnolia fig is grown exten- 
sively for canning purposes. Growers claimed that the trouble ’was the 
result of the previous severe winter. However, the affected limbs died too 
late in the season for winter injury; there were no deep cracks in the bark 
of the limbs or main trunks, which eliaraeterize frost damage; and several 
growers stated that they had seen a similar blight in previous years, in 
seasons following mild winters. 

The disease became noticeable as a sudden wilting of the foliage, fol- 
low^ed by dying of the affected branches (Fig. 1, A). Other limbs were 
gradually involved until large portions of the trees were affected. The 
trunks of some trees also were attacked. More rarely, the base of a tree 
was infected and girdled. Examination of the diseased areas showed that 
they were of a water-soaked appearance and overrun by a thick, white fun- 
gus growth. The exterior and interior of the affected limbs soon became 
studded with numerous sclerotia (Fig, 1, B to E), which were found to 
resemble sclerotia of ScleroUnia sclerotiorum (Lib.) Mass. 

Search w^as made in several orchards to locate the source of infection. 
In the vicinity of infected trees, partly buried sclerotia were found bearing 
mature apothecia, which were discharging clouds of aseospores. The 
apothecia, asei, and aseospores closely resembled those of ScleroUnia sclero- 
iiorum. A culture from the aseospores was used successfully in the inocu- 
lation experiment referred to below. It therefore seems probable that aseo- 
spores constituted inoculum for natural infection. 

Pure cultures were secured from bits of tissue of affected fig limbs, from 
sclerotia found on diseased fig limbs, and from aseospores. Cultures of 
ScleroUma sclerotiorum were available also from celery, beans, lettuce, and 
snapdragons. These 7 strains of the fungus were grown on sterilized bean 
pods, and were used in October, 1927, in the inoculation of normal, 2-year- 
old potted fig plants growing in 12-ineh pots. These plants were from 
rooted cuttings secured from the nursery of the college campus and had 
not previously been exposed to the fungus. The inoculum was placed 
close to the foot of the plants and covered with a loose layer of moist oat 
straw. Seventy potted fig plants v'ere inoculated, using 10 plants for each 
strain of the fungus, and 10 uninoculated plants were left as checks. 
High percentages of infection resulted from all the strains of Selerotinia 
1 Published with the approval of the Director as Coiitrihutioii No. 154, Teelmieal 
Series, of the Texas Agricultural Experiment Station. 
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1. Sclerotinia limb bliglit of figs. A. Fig tree killed by Sclenyt/inia scJerotioT^tm. 
B, C, Dj and E. Blighted fig limbs studded Avitli seder otia of S. scleroiAorum. 
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iisedj wliile not a single infection oeenrred in tlie check plants. The ap- 
pearance of the artificially^ inoculated plants closely resembled that of 
naturally-infected limbs in the orchards. The Sclerotinia was readily 
recovered from the moculated plants. 

In the field blighted fig limbs, particularly the older ones, were fre- 
quently overrun by Ticlercularia fid Edgerton. In advanced cases, evi- 
dence of the presence of the Sclerotinia was sometimes obscured, making 
it appear that the Tubercularia had caused the principal damage. Condit 
and Stevens^ described a ^ 'die-back’’ of the fig in California, which they 
attributed to Boirytis cinerea and Sderoiinm lihertiana. We found no 
injury from Botrytis on Texas figs, nor did the limb blight described here 
resemble the eondition usually spoken of as die-back. Sclerotimd sclero- 
tionm appeared to be the chief, if not the only, cause of the limb blight. 

Search was made tO' determine whether other host plants growing near 
affected trees in the orchards were also attacked by the fnngns. Plants of 
Anmranthus reirofisxuSj a common weed in many of the orchards, were 
found heavily infected and in different stages of wilting. In other orchards, 
bean and lettuce plants growing in the vicinity of infected trees were also 
attacked by Sclerotinia. Cnltiires were made from infected tissues of 
these hosts, and the resultant growth was similar to Scle^vtinia 
isolated from infected fig limbs. 

SUMMARY 

A blight of fig limbs is described. The disease was shown to be due to 
Sclerotmm sclerodormn. Natural infection in the field was apparently 
from ascospores discharged by apothecia found near infected trees. 

2 Condit, I- J., and H. J. Stevens. ^ ^ Die-back ’ ’ of the fig in California. Month. 
Bui. State Comm. Hort. Calif. 8: 61-63. 1919. 
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Data to he Noted in Studying Heart Rots of Living Trees. — In a rather 
extensive study of heart rots through a period of years the writer has found 
the following points of great value in studying such rots. These items are 
given ill the hope that they may be of interest to other workers in this and 
related fields of research. It is not claimed that these data represent all 
that should be recorded, but they will give a good idea of the heart rot and 
ivhat to expect under various conditions of growTli^, site, timber, etc. 

General field observations 

(1) Soil, slope, moisture, altitude, etc., where infected trees are found. 

(2) Age and number of trees and species attacked by each heart rot. 

(3) Diameter and height of rot in tree. 

(4) Methods of entrance tO' tree, through roots, sears at butt, broken 
limbs, wormholes, etc. 

(5) Position of sporophores (a) on ground, (b) on roots, (c) on trunk, 
(d) on branches, etc. 

(6) External evidence of heart rot (a) punks, (b) hollows, (c) swelled 
butts, etc. 

(7) Effect on growth of leaves, twigs, trunk, and roots. 

(8) Odor, if any, of rot -when freshly cut. 

(9) Condition of rot in stump on weatheiung: fibrous, cubical, aggluti- 
nated, etc. 

(10) In the case of conifers, infiltration of pitch, if any, in front of ad- 
vancing fungus (a) in trunk, (b) in infected branches. 

(11) Appearance of top of stump when freshly cut as firm, sieve-like, hol- 
lows, etc. 

(12) Character of rot: w^et, dry, spongy, brittle (a) when fresh, (b) when 
dry. 

(13) Extension, if any, of heart rot into sapwood. 

(14) Continuation of growdh of rot in felled tree. 

(15) Is the rot a root rot, a butt rot, or a top rot, or does it occur in both 
butt and top ? 

(16) Association of a given rot with other rots in same area of heartwood. 

(17) Growth of rot mycelium in buried roots, humus, leaves, etc. 

(18) Layers of mycelium in checks: leathery, chalky, incrusting, etc. 

(19) Loss of weight in rotted wood. 

Macroscopic characters of rot 

(a) Early stage of rot, characteristics in radial, tangential, and cross- 
section views. 

(b) Middle stage of rot, characteristics in radial, tangential, and cross- 
section views. 
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(c) Last stage of rot, cliaract eristics in. radial, tangential, and cross-sec- 
tion views. 

Characters to he noted for each stage 

(1) Changes in color of wood; color of rot, red, brown, white, etc. 

(2) Changes in strnctnre, as formation of holes, layers, strings, etc., or 
no marked changes in structure. 

(3) Changes in spring wood or summer wood induced by rot. 

(4) Consistency of the rot, as firm, soft, brittle, cheesy, etc. 

Microscoijic characters of rot 

(1) Action of rot fungus on lignin, on cellulose. 

(2) Action of rot fungus on cell contents, as on sugars, starches, etc., 
stored in wnod. 

(3) Action of rot fnngns on medullary rays. 

(4) Action of rot fnngns on vessels or tracheids. 

(5) Action of rot fnngns on wood parenchyma. 

(6) Action of rot fungus on wood fibers. 

(7) Changes in structure and chemical nature of cell walls. 

(8) Origin of changes, as from within ontw^ard or middle lamellae inward. 

(9) Action on pits or torus of pits, on the three lamellae. 

(10) Character of action on various wood elements, as marked destruction 
in structure visible under the microscope without staining or as 
showui only by using staining reagents. 

(11) Holes, fissures, etc., in w^ood elements, due to enzymes or to action of 
fungus hyiDliae. 

(12) Production of browm humus decomposition bodies and their deposit 
in cells. 

(13) Enzymatic changes in w’ood in advance of fungus hyphae. 

(14) Hoav far, radially and vertically, the infecting hyphae extend beyond 
the visibly discolored incipient stage, determined by cultures and sec- 
tioning. 

(15) Whether hyphae occur first in rays, vessels, wood parenchyma, or 
fibers. 

(16) Along w’hat wood elements do the hyphae travel the most rapidly? 
Is their movement radial or longitudinal ? Do they move through the 
pits or bore directly through walls of the elements ? 

(17) Shape, size, color, location, and branching of hyphae j clamp connec- 
tions and character of hyphae in the last stage of rot. 

(18) Ultimate fate of each w^ood element for a given rot. 

(19) Accninnlation of carbon and ash constituents. 

—W . H. Long, Division of Forest Pathology, Bureau of Plant Industry, 

Albuquerque, New Mexico. 
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A dism&e> of IIil)iscus sabdariffa caused by Bhodochytrium. — The alga 
Bliodockytrium Spilan^Mdis Lagh. is known as a parasite of several wild- 
growing Angiosperms. Originally described by Lagerheim (1893) from 
SpilcmtJies [L%tndii^:) in Ecuador, it has subsequently been found to possess 
a wide host range, as well as a fairly extensive geographical distribution. 
Thus, it occurs in the Tropics and temperate zones of the New and the 
Old World on the following host plants.^ 

CoMPOSiTAE: Ageratum conyzoides L., Ambrosia artemisiifolia Bess., 
A. trifida L., SoUdago sp., Spilanthes aomella Murray, 
Sp. Pseud-acmella Hook & Arn. 

Asclepidaceae : Asclepias j^uuiila Ysdl. 

The purpose of the present note is to record the occurrence of an iden- 
tical Rhodochytrium on a number of the Malvaceae from which family the 
alga in question does not seem to have been reported. The new host plant 
is HiHscus sabdariffa var. altissima Wester (the s. c. roselle), which is at 
present cultivated as a fiber plant here and there in the Tropics. 

In an experimental planting of roselle on the east coast of Sumatra 
(Dutch East Indies) in 1926, it was noticed by the writer that a number 
of individuals — about 3 weeks old — showed a peculiar, stunted appearance. 
The bulk of the healthy plants had at that time reached an average height 
of 2 feet, while the stunted ones were about 1 foot high. Only the young 
internodes were shortened; the older ones were of normal length. The top 
leaves curled slightly downwards and, moreover, showed a pronounced 
distortion of the surface, indicating a retardation of growth of the main 
vein and of some of the veinlets. These parts were found to be thickly 
dotted on their lower side with small, bright red galls, containing the 
sporangia of a Rhodochytrium, which agreed in all respects with the cur- 
rent descriptions of Bh. Spilanfhidis Lagh. Both resting spores and 
zoosporangia were found. A number of them also occurred on the leaf 
petioles and on the shortened interne des of the stem. 

After some time the infected plants had resumed their normal growth 
above the infected region, which, however, remained as an indicator of the 
infection. The new growth proved to be free from Rhodochytrium, prob- 
ably because a period of dry weather had set in, which prevented further 
upward spread of the parasites to the new growth. The diseased plants 
did not reach the same ultimate height as the healthy plants in the same 
field. 

It deserves to be mentioned that Rhodochytrium generally does not 
cause appreciable deformation of its other known host plants. Some 

1 For further details see Palm, B. The geographical distribution of Bhodoehytrium, 
in Ark. Bot. (Stockholm) IS: No. 15. 1923. 
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species of Spilanthes sometimes do show, when infected, a somewhat ab- 
normal elongation of internodes and petioles; in other host plants the only 
effect noticed is the production of the small galls. The action of Rhodo- 
chytrinm on the roselle i>s thus the more remarkable. 

As is well known, the sporangia of Rhodochytrium send liaiistoria-like 
prolongations into the fibrovascular bundles of the host tissue. The pres- 
ence of the alga in these elements of a plant that, like roselle, is cultivated 
for its fibers, is thus clearly detrimental. So far, this disease is of no eco- 
nomic importance, having been found only in one field. Its oceurrence 
should, how^ever, be watched, as Ehodochytrium is widely spread in trop- 
ical and subtropical countries where the cultivation of roselle is most 
likely to he attempted. 

No control measures have been necessary so far; should they become 
needed in the futnre, a scrupulously clean cultivation of the field for a 
short time after the germination of the seed would probably give sufficient 
protection. This was indicated by the fact that Eliodoehytriiim had in- 
fected the roselle from two of its weed host plants, Spilmthes acntella and 
Ageratum conymides, on which it occurred in great abundance in the ex- 
perimental field mentioned. — B. T. Palm, Department of Botany, Univer- 
sity of Illinois, Urhana, 111. 

A Chinese wheat resistant to flag smut . — Field studies of resistance in 
wheat to the flag smut organism, Urocystis tritici Koern., were initiated at 
the Agricultural Experiment Station, University of Nanking, China, in 
1925, by Dr. E. H. Porter. Several Chinese wheat selections and a large 
number of foreign varieties were tested for their reaction to the flag-smut 
pathogen. These experiments have been continued up to the present time. 
The field experiments were first carried out by inoculating enough seed of 
each selection with smut spores to plant a 5-ft. row. Noniuoeulated seed 
was planted every lOth row as a check. After the first year the most sus- 
ceptible selections were discarded, and the most promising resistant ones 
were inoculated and planted in rod rows repeated 5 to 10 times. As a 
result of these tests several selections of Chinese wheat were found to main- 
tain their resistance consistently. One of these selections, now known as 
Nanking No. 716, has never showm any smut. It originated from a head 
selection collected by Dr. Porter at AVeihsien, Shantung, in 1925. Because 
of its marked resistance, as well as its good growing habit, it W’as given a 
special supplementary greenhouse test in the fall of 1927 and again in 1928. 
The results of these tests, in each ease, were read in the spring. The seeds 
were planted in 12-in. pots, filled with infected soil secured by mixing the 
soil for each pot with 50 gm. of smut spores. Five kernels of wheat were 
Xflanted in each pot. The results are shown in the following table : 
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Name of 
wheat 

1928 1 

1929 

Total 
number 
of plants 

Nunaberof 

infected 

plants 

Percentage 
of infection 

Total 
nninber 
of plants 

Number of 
infected 
plants 

Percentage 
of infection 

Nanking 716 

147 

0.0 

0.0 

72 

0.0 

0.0 

H. 1102 

121 

42.0 

34.7 

91 

20.0 

22.0 

Nebawa 




65 

0.0 

0.0 


Nabawa, a variety known to be resistant to flag smut in Anstralia, was 
secured from Waite Agricultural Researcli Institute, University of Adelaide, 
Soutb. Australia, and H. 1102 is a Cliinese selection that lias been used for 
checks because of its high susceptibility. 

Nanking No. 716 will be increased and distributed for trial in various 
parts of China.— T. F. Yu and H. K. Chen, Plant Pathology Laboratory, 
University of Nanking, Nanking, China. 

A machine for the treainient of small samples of seed grain with dust 
disinfectants. — In the course of the cereal-seed- disinfectant experiments at 
Madison, Wis., hundreds of different treatments are made for a single plant- 
ing. The machine here described and illustrated speeds up the accurate 
and organized handling of such large numbers of small samples. 



DETAIL or CLAMP 

Fig. 1. Drawing showing dusting machine for treating small samples of gram. 




1204 


Phytopathology 


[VoL. 21 


Tills dusting maehine (Fig. 1) consists of 6 soil-moisture cans clamped 
onto a revolYing board by means of brass spring strips. The board is 
turned by a motor through the agency of a worm reduction gear, at the 
rate of 18 r. p. m., which speed is sufficiently slow to eliminate: the cracking 
of grain and still fast enough so that 6 minutes' rotation thoroughly mixes 
a sample of grain with a dust disinfectant. Two sets of cans are used so 
that the operator can change and refill one set while the other set is re- 
Yolving. When the seed is treated with excess dust and then screened 
before packeting one man can treat 60 samples of grain per hour, even when 
using a different disinfectant for each sample. When treating a previously 
weighed or measured series of samples, slightly more time is required for 
each treatment. 

The cans filled f full of grain hold 280 gms. of wheat, 215 gins, of barley, 
or 180 gms. of oats. When f full the uniform mixing with the dust dis- 
infectant is accomplished in a minimum of time. — W. H. Tharp, Depart- 
ment of Plant Pathology, University of Wisconsin, Madison, Wis. 

The prevention of arsenical injury to peach twigs and foliage in Vir- 
ginia . — ^Peaeh twigs and foliage are very susceptible to arsenical injury and 
a great deal of damage has been caused in recent years in Virginia from 
lead-arsenate applications. Varieties vary considerably in their suscepti- 
bility to arsenical burning. Of the commercial varieties grown in Virginia, 
the J. H. Hale is the most susceptible ; Elberta, next ; and Belle of Georgia, 
the least susceptible. 

Hydrated lime has been used extensively by peach growers to check this 
type of injury, but it has proved almost worthless as a preventive during 
wet seasons. This has made the lead-and-lime spray a very dangerous one, 
but the lack of anything better has compelled the growers to continue its 
use. A spray combination, however, that has recently proved very efficient 
in preventing arsenical injury to both twigs and foliage is the ziiie-lime 
spray introduced by John W. Eoberts, of the United States Department of 
Agriculture, for the control of the bacterial shot-hole disease. A 4-4-*50 
zincJime formula (zinc sulphate, 4 lbs. ; hydrated lime, 4 lbs.; powdered 
lead arsenate, 1 lb., and water, 50 gals.) was used in approximately half 
of the commercial peach orchards in Virginia during the season of 1931, in 
all of the lead-arsenate applications. In every case where the zinc-lime ma- 
terial was used in all of the lead-arsenate applications scarcely a trace of 
arsenical burning could be found, whereas, in other orchards, where this 
material was not used, severe defoliation occurred, even if only one lead- 
arsenate application was made. 

It is suggested that the zinc hydroxide, which is formed by chemical re- 
action between the hydrated lime and zinc sulphate, takes up the water- 
soluble arsenic in the form of an insoluble basic zinc arsenite. — E. H. Hurt^ 
Virginia Agricultural Experiment Station, Blacksburg, Virginia. 
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The Plant Busts (TJredinales). By Joseph C. Arthur in collaboration 
mth F. D. Kern, C. E. Orton, F. D. Fromme, H. S. Jackson, E. B. Alains, 
O. E. Bisby. iii-v -f- M6 pp., 186 figs. John Wiley & Sons, Ine., New York; 
Chapman & Hall, Limited, London, 1929. Price, $6.50. 

Any discussion of the rusts by Dr. Arthur would be interesting bpeause 
of the author’s unique experience and eminence and because of the scien- 
tific standing of those who collaborated with him in writing the book. But 
Plant Busts” is interesting in its own right also because it contains a 
wealth of important information and expresses fundamental view-points. 

In the fii'st chapter is given an elementary but clear description of rusts 
in general. Chapter 2 summarizes in an interesting manner the historical 
development of uredinology. Chapter 3, on development and classification, 
plunges directly into details and concepts which presuppose a considerable 
previous knowledge on the part of the reader. The view-points expressed 
in this chapter seem refreshingly sound and sensible. For example, the 
statement on page 80 that the origin of rust species ^ Aan be explained inoi'e 
fully by tracing chromosomal inheritance” and the concept that heteroecism 
is merely one kind of specialization must appear to progressive mycologists 
as sensible. Such statements are gratifyingly modern, especially as there 
has been a tendency in the past to surround these phenomena with a some- 
what thick veil of pseudoscientific mysticism. The directness of thought 
and reasoning is therefore noteworthy and commendable. Some mycolo- 
gists may be inclined, however, to question the statements regarding the 
degrading effect of parasitism, as, for examj)le, the following statement on 
page 97 : “^The mode of life has disturbed and exaggerated the balance be- 
tween vegetative and reproductive activities greatly in favor of the latter 
as compared with non-parasitic plants.” Whether the mode of life really 
is responsible for the development of peculiarities in the rusts may be open 
to question. 

In the discussion of classification it is frankly admitted that the classifi- 
cation of rusts attempts to meet practical requirements and does not nec- 
essarily indicate natural affinities, desirable as the latter might be. The 
position with respect to nomina conservanda will probably be welcomed by 
most disciples of common sense, even in mycology. 

The eytological and morphological features of the rusts are well sum- 
marized and illustrated in chapter 4, although the significance of eytological 
phenomena is given relatively little consideration. Possibly it is as well: 
in the past there often has been too much speculation regarding the mean- 
ing, real or fancied, of certain phenomena. 
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The dissemination and geographic distribution, especially the latter 
(Chapter 5), are well and adequately discussed. The chapter is packed 
with interesting facts, and the interpretations and conclusions seem sound. 
In chapter 6 the phenomena of spore germination and the factors affecting 
germination, the subsequent development of germ tubes, their entrance into 
the host, and the development of mycelium and haustoria are described for 
a number of rusts. There is a brief discussion also of the effect of environ-* 
mental factors on the development of rusts. Some pathologists may wish 
to improve the definition of infection given on page 231, but the term has 
no precisely standardized meaning, and the author of the book has at least 
made his concept fairly clear. A fuller discussion of the effect of environ- 
mental factors on infection and the subsequent development of the rust 
might have been desirable, but perhaps this would have exceeded the scope 
intended for the book. 

Chapter 7 is devoted to a consideration of physiologic specialization and 
the nature of resistance and susceptibility. The section on specialization 
probably could have been niade clearer by a more liberal use of keys and 
tables. The writer would be inclined to take issue with some of the state- 
ments in the discussion of resistance, but, as they are matters of opinion 
and interpretation, there probably is no need to go into details. 

Chapter 8 contains interesting information on abnormalities and dis- 
eases of rusts, together with a description of pathologic changes caused in 
host plants- 

Chapter 9 is devoted to a discussion of economic considerations. One 
obtains a good idea of the importance of the most destructive rusts of the 
principal groups of economic plants, although the discussions are neces- 
sarily brief. The last chapter, on methods of investigation, brings together 
some useful information on the collection and preservation of specimens, 
the technic for microscopic study, and culture methods. The index leaves 
something to be desired, and it is hoped that it will be amplified in subse- 
quent editions. 

The sequence of subjects discussed in the various chapters is logical, 
and, despite the difficulties pointed out in the q^reface to the book, a rather 
high degree of unity has been attained. The style is clear, for the most 
part, and, except in a few places, the statements are direct and free from 
ambiguities. There is some repetition, but this probably is not only nn- 
avoidable but even desirable. 

The desirability of uniform terminology in mycology becomes evident 
in reading the book. The terms sporophyte and gametophyte are used in 
the book in preference to the terms haplophase, clikaryophase, and diplo- 
phase. The writer suggests that the latter are more precise and more nearly 
meet the refiuirements, especially in the rust and smut fungi. The use of 
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the terms physiologic race and physiologic form may lead to further con- 
fusion where much already exists. The use of ''physiologic race” to denote 
the physiological entities such as Puccinia graminis fritici, while accepting 
the term physiologic form for the component entities, partly disregards pre- 
vious usage without clarifying the situation. The statements regarding spe- 
cialization are not always clear because, in at least some instances, terms 
are used loosely or inconsistently. For example, on page 260 one reads: 
"Similar situations occur in other weakly specialized rusts such as P. 
grcmvims and P. coronata/^ But on page 336 the following statement is 
made:". . . the species {P, coronaia) does not show the sharp host special- 
ization or separation into races which is shown by P. graminis.^ ^ Special- 
ization probably is considered from different viewpoints in the two state- 
ments, and the result is an apparent inconsistency. The propriety of desig- 
nating as "mutable species” the long-cycle rusts "which pass readily at 
times from the long-cycle to a condition that actually is, or else resembles a 
short-cycle condition” may also be questioned by those who Avould restrict 
the meaning of the word mutable to a tendency to change genotypically. 
These few minor defects, if they are defects, do not detract appreciably, 
however, from the general excellence of the book. 

The voluminous literature on rusts has been well and fahly summarized. 
In a few instances reference is not made to papers in which important phe- 
nomena were first described; instead, later and more comprehensive papers 
are cited. The reader in such instances does not get the historical per- 
spective quickly. The problem of selecting literature for citation is, of 
course, a difficult one, and the relative importance of contributions is partly 
a matter of personal opinion. It would have been natural to feature the 
extensive investigations of the author and his associates. This tendency, 
however, has been avoided and the material is presented with a high degree 
of objectivity. 

The scientific tone of the book is excellent throughout. Controversial 
questions are discussed with dignity, fairness, and excellent judgment. 
There is a nice balance between fact and philosophy, with a soundness of 
viewpoint that would, of course, be expected of a man of the author ^s emi- 
nence and the high scientific attainments of his associates, but which never- 
theless does them credit. 

Botanists in general and mycologists in particular owe Dr. Arthur and 
his associates a debt of gratitude for bringing together in book form so 
many facts regarding rusts and, especially, the rich experience and broad 
viewpoints obtained from their own extensive and fruitful investigations.^ — 
E. C. Stakman, University Farm, St. Paul, Minnesota. 
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Alexander, Butch elm disease in Ohio, 
125 

Melander, Leonard W., The effect of 
temp eratme . and light on the develop- 
ment of the uredinial stage of Pueeinia 
graminis, 109 

Melchers, L. E., Downy mildew of sor- 
ghum and maize in Egyjpt, 239-240 

Melhus, I. E., and Edgar E. Yestal, The 
eom]paratiYe value of checking and drill- 
ing in the control of Cercospora leaf 
spot and yield of sugar beets, 122 ; and 
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Glen N. Davis, Nodal infbetioii with 
the coni-sniut organism, 129 
Melilotiis alba, a l^ost for ring sxoot, 894 
Melons resistant to powdery mildew, 113 
Methods, for determining rate of decay 
behind cavity fillings in trees, 126; of 
classification of plant viruses, 577-613 
Mierodiplodia sp., causing rot of axoxoles in 
storage, 1141, 1150, 1151 
Microorganisms, affects of knowui mix- 
tures, 545-550 

Mildew, dovmy, of sorghiun and maize, in 
Egypt, 239-240; powdery, of red clover, 
122 

Millee, B. S., see Eeynolds, E. S. 
Millee, P. B., Pathogenicity of three red- 
cedar rusts that occur on api)le. 111 
Mills, W. D., Method of detecting and 
demonstrating early leaf infections of 
apple scab, 338 

Mixed infection, results of, in pea wilt, 
798 

Moisture, effect of, on spore germination 
in Puccinia glumaruni, 767-789 
Moiiocotyledonoiis plants resistant to Phy- 
mat 0 trichum, 119 

Moese, Warner Jackson, In memoriam, 
1095-1098 

Mosaic, alfalfa, 122; anecrotic, potato, 
595 ; bean, correlative studies on the bac- 
teriology of, and seed transmission of 
the virus, 116; celery, Coinmeliiia nudi- 
flora, a monocotyledonous host of, 114; 
in Nicotiana tabaeum, local lesions of, 
119 ; of tomato, influence of, on yields, 
745-749; three types of, influence on 
jolastid piigment and chlorophyllase con- 
tents of tobacco plants, 119 ; tobacco, 
epiphytology of, in North Carolina, 
118; undescribed symptoms of, in Porto 
Bico tobacco, 117 

Mosaics, four, apparently midescribed, 
Avliieh go to tobacco, 118 
Moyee, a. J., see Heubeeger, J. W. 
Mucor piriformis, causing rot of apples in 
storage, 1141 

Myeosphaerella, rubina, 255; tulasnei, 
causing rot of apples in storage, 1141 
Myxobacterium, cultural characters of, 859 
MyxobaetBi’inm-l, antibiosis of, 857 


Nature of powdery-mildew injury to snap 
beans in Virginia in 1930, 116 
Neal, D. C., see Ezekiel, Walter N. 
Necrosis, acropetal, potato, 599-603; eon- 
centric, potato tuber, 604 ; phloem paren- 
chyma, potato tuber, 604; phloem, po- 
tato, 595; top, potato, 596-598 
Nelson, Bay, Correlative studies on the 
bacteriology of bean mosaic and seed 
transmission of the virus, 116; Eiulohy- 
drosis of forcing euenmbers and its con- 
trol, 117 

Nematode, crimp, a disease of strawberries, 
113; root knot, technique, 323 
Netneerosis, p)seiido-, potato, 604 
New virus diseases in Porto Bico, 124 
Newton, Margaret, T. Johnson, and A. 
M. Brown, Hybridization between Pue- 
cinia graminis tritici and P. graminis 
secalis, 106 

Nicotiana tabaciim, mosaic in, local lesions 
of, 119 

Nieves, Baimundo, Besistencia eompara- 
tiva a la Tilletia levis Kiihn del trigo, 
eii la Argentina, 705-727 
Nodal infection with the corn-smut organ- 
ism, 129 

Nodule production on etiolated vetch seed- 
lings, 1083-1085 

Nuclear association in the aecium of Puc- 
ciiiia graminis, 107 
Nut grass, Tyleiichus in, 315 
Nutrition, mineral, effect of, on tlu 3 reac- 
tion of wheat varieties, to leaf rust, 
108 

Nutritional studies on Pliyina totri cli um 
omn ivor urn, 120 

Oat smuts, hybrids of, 835-842; relatiou- 
ship of, 109 

Oats, and wheat, effect of time and rate of 
application of seed disinfectants, 127 ; 
stem rust, in Peru, 1063-1066 
Occurrence of the Australian spotted wilt 
of tomatoes in Wisconsin, 106 
Ocean spray, Holodiscus discolor, witches^ 
broom of, 923-925 

Oidium, leueoeonimn, peach mildew, in 
Peru, 1070; sp., powdery mildew of mis- 
cellaneous crops in Peru, 1070 ; sp., 
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powdery mildew of potatoes, in Pern, 
1069 

Oliveira, Juliette, see Godfrey, G. H. 
Onions, yellow dwarf of, varietal suseepti- 
Mlity to, distribution and control of, 123 
Oospora sp., causing rot of apples in stor- 
age, 1141, 1151 

Orange, Diplodia natalensis on, in Peru; 
1096 

Orton", William Allen, biography of, i'- 
ll ; obituary note, 575 
Overwintering, Alternaria longipes, n. 
comb., 647-648; Pliytomonas beticola, in 
the galls of sugar beet and the soil, 22- 
27 

Oxides, of imsaturated hydrocarbons, for 
the eradication of barberries and other 
pests, 126 

Paeifie division of The American Phyto- 
pathological Society, report of the fif- 
teenth annual meeting of, 995-1000 
P ALM, B. T., A disease of Hibiscus sab- 
darilfa caused by Rhodoeliytrium, 1201- 
1202 

Panieum niiliaceum, Selerospora gramini- 
eola relations, 338 

Papaya, Pusarium wilt, in Peru, 1070 
Parasite, Oercospora bataticola, n. sp., of 
the sweet potato in America, 93-96 
Parasitism and host specialization of the 
genus Rliynehosporium, 109 
Parker, E. E., see Horne, W. T. 

Patch, Edith M., Warner Jackson Morse, 
1872-1931, 1095-1098 
Pathogenicity, and virulence, of E and S 
types of Phytomonas beticola, 36-39; 
of three red-cedar rusts that occur on 
apple, 111 

Pathologic des Protoxolasinas, book review, 
341 

Pea, root rot, caused by Aplianomyces 
eiiteiches, use of fertilizers in reducing 
losses from, 116; streak, transiiussion by 
Thrips tahaci, 999; wilt, chemical effect 
of, on soil, 804; wilt, effect of amount 
of inocnliun, 801-803; wilt, effect of, on 
osmotic value'WHost tissues, 808; wilt, 
effect of, on rate of drying of host tis- 
sues, 806-808; wilt, in x>ure culture in 
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tubes, 798; wilt, toxic action of culture 
filtrates, 812-822 

Peach, leaf curl, in Peru, 1070 ; mildew, in 
Peru, 1070; rosette, 373-386; -rust fungus, 
relation to prune-rust fungus, Tran- 
sehelia punctata, 163; the prevention of 
arsenical injury to twigs and foliage of, 
1204 

Peaches, clingstone, studies on a rust of, 
133-168 

Peas, wilting of, by Eusaiium, 791-796 
Pectin, presence in smut sporidia, 846 
Pectinase, production of Bacterium B-1, 
848 

Penetration and toxicities of petroleum-oil 
sprays, 130 

Penieillium, Bacterium D antibiotic to, 
855; digitatum, influence of hydrogen- 
ion concentration and sodium bicarbo- 
nate on, 169-198; expansum, causing rot 
of apples ill storage, 1141; italieum, blue 
mold of citrus fruits, in Peru, 1069; 
italieum, influence of hydrogen-ion con- 
centration and sodium bicarbonate on, 
169-198; niartensii, causing rot of ap- 
ples in storage, 1142; olivino-viride, 
causing rot of apples in storage, 1141; 
puberulum, causing rot of apples in 
storage, 1141; verrucosum, causing rot 
of apxoles in storage, 1141; viridicatum, 
causing rot of apples in storage, 1142 
Pemiisetiim typhoideum, Sclerospora gram- 
inieola oospores from, 337 
Pentathionic acid and its constituents, re- 
lation of, to the toxicity of sulphur 
fungicides, 130 

Peru, plant diseases in, 1061-1071 
Pestalozzia hartigii, causing rot of ajiples 
in storage, 1141 

Peterson, P. D., Plastid pigment and 
chloro]phyllase contents of tobacco x»laiits 
as influenced by three types of mosaic, 
119 

Petiole galls, sugar beets, caused by Phy- 
tomonas beticola, 20 

Petroleum-oil sprays, penetration and 
toxicities of, 130 

Petunia seed, transmission of tobacco ring 
spot by, 225—229 
Pezizella lytliri, 1041-1060 
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PliaseoliiSj resistance to curly toxD of sugar 
lieetSj 997 

Pliloein, necrosis, potato, 595 ; parencliyuia, 
necrosis, potato tuber, 60t 
Plioma, betae, 289 ; sp., 261; spp., causing 
rot of apples in storage, 1141, 1151; 
zeieola on corn, in Peru, 1067 
Pliyllacliora inaydis on corn, in Peru, 1067 
Plijiiiatotrielium, oinniyoruin, eott on-root- 
rot conference, 957-964; omnivorum, 
nutritional studies on, 12 D; omnivorum, 
sclerotia, laboratory production of, 551- 
556; root rot, resistance of Malvaviscus 
conzattii (arboreus) to, 120; root rot, 
resistance of inonocotyledonons plants to, 
119 

Pliysical stimuli, effect of, on si>ore ger- 
mination in Puceinia glmnarum, 767-789 
Physiologic, forms of bunt of wheat and 
varietal resistance, 108; specialization, 
ill G-ymno sporangium. 111; specializa- 
tion, in Tilletia, relation to exoiphytoties 
of bunt, 687-694 

Phytomonas, beticola, 13-40; beticola, 
cause of the bacterial-pocket disease of 
sugar beets, 13-15; beticola, cultural 
characteristics and serological reactions 
□f, 33-36; beticola, effect of, on the 
sugar content of sugar beets, 16-18; 
beticola, experimental work with strains 
of, 27-28; beticola, overwintering in the 
galls and the soil, 22-27; beticola, 
Xiatliogenieity and virulence of R and S 
types of, 36-39; beticola, serological 
tests Avith strains of and other bacterial 
Xnithogens, 28-33 ; malvacearum, agglu- 
tination studies on, llSl-1184 ; viburni, 
n. sp., eause of leaf spot of Viburnum 
spin, 912; viburni, diagnosis, 912; 
viburni, distribution and host range, 
909; viburni, overAvinteriiig of, 909 
Pliytopatliologieal, note, the relation of 
leaf blight to sun scald of honey dew 
melons, 97-98; Society, see American 
Phytoioathologlcal Society 
Phytopatliologische Zeitschrift, book re- 
vicAV, 342 

Phytoxolitliora, faberi, inonoana, nicotiana, 
palinivora, parasitica, terrestris, 941- 
955; heterothallism in omnivora groujo, 


941-945; infestans, late blight of po- 
tato, ill Peru, 1067 

PiERSTOEFF, A. L., aiul IL C. Youisic;, Re- 
sults with new sulphur dusts for apple- 
scab control, 131 

Pigment, xiastid, and chloropliyllase con- 
tents of tobacco plants, as influenced by 
three types of mosaics, 119 

Pineapple, development of Heterodera 
radieicola in roots, 996; Tylenehus slm- 
ilis in, 315; yellow-spot virus of, trans- 
mitted by Thripos tabaci, 999 

Pineapioles, ^^side rot^’ of, 867; yellow 
spot of, 865-880 

Piiius ponder osa, extractives, toxicity to 
Lenzites sepiaria, 927-940 

Pisum sativum, infected by Fusarium 
orthoceros, 797-826; streak traiisiuitt£‘d 
by Thrips tabaci to, 999 

Plant extracts and fungi, II. Bean ex- 
tracts in relation to Colletotrielunn lin- 
demuthianum, 124 

Plastid pigment and c*hlorox>hyllase con- 
tents of tobacco plants as influenced by 
three types of mosaic, 119 

Pleospora frueticola (Stemifliyliimi sp).), 
causing rot of apples in storage, 1141, 
1142, 1150 

Popp, W., see Hanna, W. F. 

Potato, anecrotic mosaic, 595 ; black leg, 
relation of seed-corn maggot, 387-406; 
Cortieium vaguin on, in Peru, 1069 ; de- 
velopment of rhizoetouia on, effect of 
dej)th of jAanting and kSoII moistiire on, 
105; further studies Avltli ipsyllid yelloAvs 
of, 103; late blight, in Peru, 1067; leaf 
roll, relation between insect and virus, 
675-684; powdery inildew, in Peru, 
1069; pjowdery scab, in Pern, 1068 ; rust, 
in Peru, 1069; scab and rhizotdouiii, the 
use of disinfectants in fertilizers for the 
control of, 104; spraying, elfect of dif- 
ferent pressures and of different types 
of lime in, 105; tuber rots, in Peru, 
1‘069; tuber, turgeseenee and rupture of, 
701-703; tubers, sprouting, aphids as 
vectors of leaf roll among, 103-104; 
viruses, classifleation, 577-613; wart, in 
Peru, 1068 
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Potatoes^ commercial, distribution of tlie 
latent virus in tubers of, 1D4; liglitning 
injury of, 213-218 

Powdery mildew, injury, nature of, to snap 
beans in Yirginia in 1930, 116; melons 
resistant to, 113; of red clover, 122 

Pkiode, C. N., Target blotcli of sugar cane, 
41-~57 

Progress, of Pusariuin wilt inside the 
rhizomes of banana plants, 121; report, 
fifth, on studies of fall applications of 
fungicides in relation to apple-scab con- 
trol, 130 

Pseudomonas, eerasi and prunicola, com- 
pared with a canker-producing bacterium 
of stone-fruit trees in California, 1153- 
1161; eerasi, compared with Ps. pruni- 
eola, 1153-1161; prunicola, compared 
with Ps. eerasi, 1153-1161; prunicola, 
identity with Bacterium syringae, 1091; 

Pseudo-netneerosis, potato, 604 

Puceinia, eoronata, sex in, 1001-1040; 
gluinaruui,. spore germination of, 767- 
789; glumarum, stripe rust of wheat, in 
Pena, 1063; graminis, aeeium of, nuclear 
association in,, 107; graminis avenae, 
stein rust of oats, in Peru, 1063-1066; 
graminis hordei F. and J., synthetic 
in-oduction of, 107; graminis phlei-pra- 
tensis, spore germination of, 767-789; 
graminis, sex in, 1001-1040; graminis 
tritici, and P. graminis secalis, hybridiza- 
tion between, 106; graminis tritici, con- 
trol of, by KdIo dust, 347-372; graminis 
tritici, spore germination of, 767-789; 
graminis tritici, stem rust of wheat, in 
Peril, 1063-1066; graminis, nredinial 
stage of, effect of temperature and light 
oil the development of, 109; helianthi, 
sex ill, 1001-1040; Pittieriaua, potato 
rust, in Peru, 1069; Pringslieimiana, sex 
in, 1001-1040; purpurea, susceptibility 
of sorghum to, 525-543; sorghi, hetero- 
thallism in, 751-753; tritieina, spore 
gDriuination of, 767-789 

Purification, virus, further studies ou puri- 
fication, 118 

Pyeiiial exudate, effect of filtering, 751- 
I o3 

Pyronema, Baeterimn D antibiotic to, 855 


Pythium, butleri, cause of a bean wilt, 
991—994; cause of a wilt of beaus, 115 

Quanjee, H. M.j Methods of classification 
of plant viruses, and an attempt to 
classify and name potato viruses, 577- 
513 

Eadiatiou, ultra-violet, effect of, upon rep- 
resentative species of Fusarium, 124 

Eaeder, J. M., and W. M. Bever, Spore 
germination of Puceinia glumarum with 
notes on related species, 737—789 

Eamularia, arealo, areolate mildew of cot- 
ton, in Peru, 1063; magnusiana, causing 
rot of apples in storage, 1142; sp., caus- 
ing rot of apples in storage, 1142, 1151 

EANiax, W. Howard, New methods for 
determining rats of decay behind cavity 
fillings in trees, 126 

Easpberries, mosaic of, new or unusual 
symptoms of, 755-757; witches^ 
broom of, 755—757 

EasiDberry, crown-gall infection on, rela- 
tion of root-feeding arthropods to, 112; 
spur blight, 247-288 

Eawlins, T. E., aud W. T. Horne, “ Buck- 
skin, a destructive graft-infectious dis- 
ease of the cherry, 331-335 

Eea, H. E., see Dana, B. F. 

Eeaetion, cob, and temperature, Basispo- 
rium dry rot of dent corn as related to, 
129 

Eed cedar, rusts, pathogenicity of, that 
occur on apple, 111 

Eeddy, G. S., Basisporium dry rot of dent 
corn as related to temperature and cob 
reaction, 129; see Burnett, L. C.; see 
Wilson, J. J. 

Eelation, between insect and virus in po- 
tato leaf roll, 675-384; of pentatMonic 
acid and its constituents to the toxicity 
of sulpliiir fungicides, 130; of physio- 
logic specialization in Tilletia to recent 
epiphytotics of bunt, 687-694; of root- 
feeding arthropods to crown-gall infec- 
tion on raspherry, 112; of seed quality, 
to yielding ability and disease resistanee 
in hybrid strains of dent corn, 128 

Eelatioiiship of the oat smuts, 109 
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Eesistanee, disease, and yielding ability, of 
hybrid strains of dent corn, relation of 
seed quality to, 128,- in sweet corn, to 
Diplodia zeae, 128,- of Malvavisciis con- 
zattii (arboreus) to Phymatotrielmm 
root rot, 120,* of melons to loowdery 
mildew, 113; of inonoeotyledonous plants 
to Phymatotrichuin root rot, 119; of 
peas to wound inoculations of Pusarium 
wilt, 827-833; to wilt, three new varie- 
ties of watermelons, 114 ; varietal, to 
physiologic forms of bunt of wheat, 108 

EesultSj with new sulphur dusts for apple- 
scab control, 131 

Reynolds, E. B., see Ezekiel, Walter N. 

Reynolds, E. S., and B. S. Miller, Plant 
extracts and fungi, II. Bean extracts 
in relation to Colletotriehum lindemuth- 
ianum, 124 

Rhagoletis pomonella, bacterial rot of 
apple associated with, 338 

Rhizoetonia, and scab, of potato, the use 
of disinfectants in fertilizers for the 
control of, 104; bataticola, cause of new 
disease in maize and beans, 996; cro- 
coruni, violet root rot, occurrence, Texas, 
557-558; development of, on the potato, 
effect of depth of ]olanting and soil 
moisture on, 105 

Rhizopus nigricans, causing rot of apples 
in storage, 1141 

Ehodochytrium spilanthidis, the cause of a 
disease of Hihisens sabdariffa, 1201— 
1202 

Rhynchosporium, liost specialization and 
parasitism of, 109 

Ribes rotundifolium, relation to Kelm 
Mountain blister-rust infestation, 920 

Rice, black point, in Peru, 1067 

Richards, B. L., Purther studies with 
psyllid yellows of the iiotato, 103; see 
Robinson, L. Ray; and 0. M. Tompkins, 
The late blight of the sugar beet, 289- 
314 

Rikee, a. J., W. M. Banfield, and G-. W. 
KeitTj The development of crowm gall, 
hairy root, and callus under controlled 
conditions, 110 

Ring spot, disease, of tobacco, 891-899; 
of tobacco, weed hosts, 894; tohaeco, 


transmission of, hy seed of Petunia, 225- 
229 

Robinson, L. Ray, and B. L. Richards, 
Anasa wilt of cucurbits, 114 
Root rot, development of, in cotton planted 
at different dates, 120 ; Phyrnatotriclmm, 
resistance of Malvaviseus coiizattii (ar- 
boreus) to, 120; resistance of moiioeoty- 
ledonous plants to Phymatotriehum, 119 
Rose, R. C., see Haskell, R. J. 

Rosette, peach, cross -inoculation experi- 
ments with Erigeron yellows, 373-380 
Rot, Basisporium, dry, of dent corn as 
related to temperature and cob reaction, 
129; cornstalk and ear, 129 
Rots, heart, of living trees, data to be 
noted in studying, 1199-1200 
Rubber dressing for tree wounds, 1089- 
1091 

Ruehle, George E., New apple-rot fungi 
from Washington, 1141-1152 
Runnels, H. A., see Wilson, J. D. 

Rust, fungi, sex in, 1001-1040; of cling- 
stone peaches in California, 133-168; of 
corn, heterothallism in, 751-753; suscep- 
tibility of sorghum to, 525-543 
Rusts of cereals, control of, hy Kolo dust, 
347-372 

Rye infected with Tilletia tritici, 437-440 

St. John, R. R., and J. P. Teost, Relation 
of seed quality to yielding ability and 
disease resistance in hybrid strains of 
dent corn, 128 

Scab, and rhizoetonia, of potato, the use 
of disinfectants in fertilizers for tlie 
control of, 104; apple, control, ri'sults 
with new sulphur dusts, 131; ajiple, re- 
lation of fall applications of fungi cide.s 
to control, 130; lima bean, addilioual 
data on range and prevaltnice, 559 
Sclerospora, butleri, a new species frimi 
Nyasalaiid, 125; graminicola, oospures, 
germination of, 441-443; graininicola, 
lihysiologic specialization in, 337 
Sclerotia, Phymatotricdmm omnivonim, 
laboratory iirodiiction, 551-556 
Selerotinia, ciiierea, fungicidal action of 
dusts in control, 512-518; sclerDtiorum, 
life history of, with reference to green 
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rot of axorieots^ 407-424:; selerotiorum, 
the eause of a limb blight of hgs, 1195- 
1107 

Sclerotium. lolfaii, eause of blight of car- 
rots, 1129-1135; geographic distribution 
of, 1135; host range of, 1136-1138; the 
eause of a disease of young cotton 
plants, 1191-1194 

Scott, C, Emlen, and Gilbert L. Stout, 
Tranzselielia punctata on cultivated 
anemone in the Santa Clara Valley, 998 
Sx'OTT, G. W., see Jagger, Ivan C. 

Seed, disinfectants, eft'ect of time and rate 
of application of, on oats and wheat, 
127 ; quality, relation of, to yielding 
ability and disease resistance in hybrid 
strains of dent corn, 128; transmission, 
of cowxiea Pusariiim wilt, 979-983; 
traiismission, of' virns, and correlative 
studies on the bacteriology of bean mo- 
saic, 116; treatment for damping-off of 
tomatoes, 105; treatment of ffax with 
Ceresan, 985-989; treatments on seed 
longevity, effect of, 105 
Septorias, two, as a eause of late blight 
on celery, 115 

Serological tests with strains of Phyto- 
moiias beticola and other bacterial patho- 
gens, 28-33 

Setaria, glauca, Selerospora graminieola 
relations, 338; italica, S. graminieola 
from, 337; inagna, S. graminieola 
oospores from, 337; viridia, S. gramini- 
cola oospores from, 337 
Shading, effect of, on the rate of develop- 
ment of tomato yellows, 83-87 
Shapovalov, M., Graft transmissions of 
curly tox> in tomatoes (tomato yellows), 
998-999; Growth rate of tomato plants 
affected by yellows, 106; and J. W. 
Lesley, Effect of shading on the rate of 
develox^ment of tomato yellows, 83-87 
Shear, Elmer V., see Cooley, ff. S. 
Sherbakoep, C. D., Wheat diseases in Ten- 
nessee, 127 

‘^‘Side rot/^ of pineai3X)les, 867 
Smith, A. L., and J. E. Holbert, Corn- 
stalk rot and ear rot, 129 
Smith, Clayton O., Patliogenieity of 
Bacillns amylovoi’us on species of Jug- 


laiis, 219-224; Pseudomonas prunieola 
and Baeteriimi eitiiputeale, 1091 
Smith, Glenn M., and John P. Trost, 
Eesistance in sweet corn to Bixolodia 
zeae, 128 

Smith, Ealph E., Life history of Sclero- 
tinia sclerotiornin wdth reference to 
green rot of apricots, 407-424; see 
Goldsworthy, M. C. 

Smut, corn, nodal infection with the organ- 
ism, 129; flag, a Chinese wheat resistant 
to, 1202 ; leaf, on Hystrix hystrix, 241 
Smuts, bacteria antibiotic to, 843-863 ; oat, 
relationship of, 109 

Snap beans, powdery-mildew injury, nature 
of, in Virginia in 1930, 116 
Snell, W^ alter H., The Kelm Mountain 
blister-rust infestation, 919-921 
Sodium bicarbonate, influence on Penieil- 
lium italienm and P. digitatnm, 169-198 
Soil, cultures, sclerotia, Phymatotriehnm 
omnivorum, 551-556; fungi in Colorado, 
1073-1081 

Solubility of Bordeaux, 231 
Sooty-bloteh fungus, apple, cultural char- 
acters and host range of, 112 
SORAUER, Paul, Handbuch her Pflanzen- 
kranklieiten, Band II, funfte Auflage, 
book review, 1093-1094 
Sorghum, downy mildew of, in Egypt, 239- 
240; suseepibility to rust, 525-543 
Sorospoi’ium reilianimi, bacteria antibiotic 
to, 844, 885 

Specialization, physiologic, in Gymiiospo- 
rangium, 111 
Sxohaerella rubina, 255 
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